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^^^.H E conjant Importunity of iffj 
^j^ Suhfcriberit to drmso npfuch an 
' JntroduSiion to Pbilofophfj as. 
might prepare them to underjiand 
thefeveral Subject of my LeBures and Expe'' 
rimehts, and -when tbefe are wer, to refrejb 
their Memories y and revive y and fix in their 
Minds f the fieeting Ideas of what they bad 
then beard and feen^ is the Reafon of the 
prefent Publication. I have alfo taken Care 
to oblige them in another RefpeSt^ and that is 
A2 t9 
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to comprize the whole info fmall a Compafs^ 
as., to-fut them t^ a, um^y littk Expence^ either 
^^iMtr MShefih mrqiiip: ^i'v&y€oli^ 
^^ervdik iim(S)i^e 6f ^ the prikcipal 
Brandfi of thii thojl irdkabU and delightful 
i^i^hvei which byWs Mediis will he 'rendered 
^ ij^ent Service to improve the Mind^ and 
embtUifh it-, hut without Afjillance of fuch 
a ^Treatife^ it cannot be regarded as any 
Thing more than - a polite and rational A- 
mufement. 
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Atd mt Eulfci^ibeys: onfyy butitky Gefitle- 
man or Lady^ who is happy enough to have a 
^aflefor Knowledge of the be ft Sorty willfnd 
this fmall T^raSl give them as, little Trouble in 
"the Puffuit and Acquifition ofiX^ and at the 
fame Time entertain them with as ^reat n 
'Variety and Novelty y as they can poffibly 
)t)cpe£l. iVheh fh'ey ' iiriderfldnd what they here 
yind (for which nothing more than a common 
"Capacity ahd a little Attention is neceffary) 
they may have Recoiirfe to ]Sooks of a higher 
'Clhfs J but^ if they have not Mathematical 

Learning, 
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Ltdrftin^ th^ mfi it tonftftit h under- 
Jtaii-d Thitbfofby ht thai Way dnly which is 
b&e tatt^b^y viss. By tbfmAng the Pb^no- 
mem of Ndhife, and d^cin^ frtm tbenee 
thifr*- <Mfei 'whhb ' ay-e f^nthr'd generoi by 
n jU^ Meibod (f'Rs^/hingy Md prbtt&dto 
be by real ExperimAiii. jind this hjttfficitnt 
for Mankind in general. 

/ Jhall not here fay any ^hing to recom- 
mend the Study of this Science ^ having aU 
ready done that in another Piece *, And that 
nothing may be wanting to facilitate the 
Reader^ s Progrefs in Philofophical Enquiries^ 
I have embeUiJh'd and illuflrated the whole by 
Jix Copper Plates^ reprefenting the principal 
Experiments in each of the Jix LeStures ; and 
alfo added^ a copious Index of all theprin 
cipal Matters^ and accented all the Words 
for rightly pronouncing them. Alfo all hard 
(or technical) Words are thoroughly explained ; 
andy to conclude^ I have taken all the Care 
and Precaution I pojfibly couldy to remove 
every Thing that might in the teaji tend to re- 
tard the Reader^ or render this noble and di^ 
vine Science lefs amiable to his View. 

w 
m 

* A Panegyric cn the Newtonian Philofofhy. 

To 
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To eonckdit 1 mufl adverttfe the Reade 
that thofe PropofUionSt tebJcb admit of, or 
rtquire Mathematical Demonftration, are 
' here put into Italics, and may be found Jo 
demonflrated in n^ Philofophia Britannica 
lately publijb'd. Tbefe are all along denoted 
by an Afteriiin, tha (*) 
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A Plain and Familiar 

iNTRODUCTIOisr 

T TH4 

NeWTOKIAN PaiLOSOI'Hfi 

Section!. 
P H r S I C S. 

Containing ii Defcriptton of Juch Instru- 
ments, Pri?arations, and Experi- 
ments as explain and illuftrate the Pow- 
ers of AttSaction and Repulsion j 
/iv Properties of natural Bodiesj the 
Principles of Mechanic Arts ; Chemi- 
cal Operations^ Nature c/'Meteors i 
DoBrine e/" Vsgetation j Magne- 
1-isM, S^c: 

; H E Defign of this Courfe 

' of Phjlofophy is to exhi- 

; bit, in a very natural and 

eafy Manner,' the princil- 

> pal . and mofl important 

Phenomena or Appearances 

^f natural Bodies } to account for their Caufn 

end Effi&i oh plain and evident Principles ; 

B artd 
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and to prove and lUuftrate the lame by a 
great Variety of curious and new-contrived 
Inftruments and Experiments 3 fo as to ren- 
der the whole not only the moft rational 
and infiru£livey but alifo the moft pleafant 
and fatisfaSiory 'Entertainment. 

2. The Subjed of the prefent Ledlure, 
zrc ihoh Powers of Nature^ which may be 
juftly efteemed iht fundamental Principles of 

FUtii. all natural Pbilofophy\ tolhew the Reality 
of their Exiftence, their feveral Properties 
and wonderful EfFcds ; and to apply the 
fame towards fettling a juft Theory of Che^ 
mijiryy the Animal Oeconomy^ Vegetation^ the 
Nature of Meteors ; together with the priny . 
cipal Properties of the Magnet^ and its Ufe in 
Navigation. 

3. This Power affefts all the Particles of 
Matter, and adls upon them in a two-fold 
Manner, viz. i. By cauiing them to accede 
tOy or approach each other 5 and bccaufe in this 
Refpe(5t they feem to draw each other mu* 
tualljy it is called the Power of AttraSlion. 
2. By caufing thofe Particles, in fom'e Cir- 
cumftances, to recede y orfiy from each other ^ 
it is called Repulfioriy or a centrifugal Force. 

4. But this Power is in itfelf one and the 
Tig*t' fame, and only a<Ss in this different Manner 

in different Difances between the Particles. 
Thus a Piece of Iron, touch'd with the 
Magnet, held near one End of a Magnetic 
Needle will attraSlit*, bqt applied to the 

other 
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other End, it will repel it. So the fmall 
Particles of Matter being nearly in .Contad, 
ftrongly attraSl each other, and cohere toge^ 
ther ; but being feparated by the Adion of 
Heat, or otherwife, they repel and fly from 
each other, as is evident by many Experi- 
ments. 

5. Now to {hew that the Repulfion of one 
End of the Needle is not a Confequence df 
Attradlion in the other, as fome pretend, I Fig. t^ 
take a Needle one half Brafs and the other 
Iron, and the fame End is repeli'd in this as 

in the common Needle, which Experiment 
plainly (hews this Repulfion is r^/z/ and /(?- 
fitive between the two Bodies. 

6. And further, it appears by Experi** 
ment, that the fame End of the Needle, 
which is repelPd in one Dijiance is attraSied 
in another nearer Diftance. And hence it 
follows, that there is a certain near Diftance 
b which the Particles of Matter attradl each 
other ; and which is therefore called the 
Sphere ofAttraSiion ; beyond which the faid 
Power a6ls byRepulfion\ and fo yNhtxt Attrac-- 
tion ends there a repulfive Tower commences. 

7. This attraSling Power may be con* 
fider'd as affeding immediately the original 
Particles of Matter, and by that Means cauf- 
ing thf m to adhere or cohere firmly together, 
and fo qualifying them to form larger Portions 
of Matter, or Bodies of different Degrees of 

B 2 Con- 
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Confiftence, and hence it is iifually callM th$ 
Attraction or Power oj Cohe/hn. 

8. But when weconfider this Power in 
the larger Parts or Portions of Matter, as 
the aggregate or united Force of all the 
attrafting Forces of the component origmal 
Particles, it is then call'd the Power ofGra^ 
vitationy as in the Sun, the Earth, and other 
planetary Bodies of the mundane Syflerp; 
Becaufe any final 1 Bodies near the Surfaces of 
thofd larger ones, are ftrongly attraSled to^ 
wards their Centers y which T'endency thereto 
is in-thofe lefler Bodies called their Weight 
or Gravity. 

g. This Power ofCobe/ion is direftly de- 
Ftg. 3. monftrated by the Experiment of two leaden 
Balls or Bullets^ having their Surfaces made 
very plain and fmooth, and gently prefe*d 
together, do cohere fo very faft and firmly^ 
as to require the Weight of many t^obndsto 
feparale them. Particularly, two of a larger 
Sort are fhewn by the Steel-yard to require 
not lefs (fometimes) than two hundred and 
fifty Pounds Weight to pull them afcrtider, 
which fhe ws plainly the prodigious Force by 
which they adhered together, efpecially , if it 
be confider'd, th^t the whole Ar6a of theif 
Contaift or Surface, by which they louch'd 
does not exceed a twentieth Part of a 
fquare Inch. Hence no Part of this Co- 
hcfive Force can be imputed to the /r^ 

fure 
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fiire of the Jiir^: which will be fhewn to be 
but fifi?9en Pounds upon a whole fquare 
Inch./(' ) 

io» But; Co reduce to a Calculation this 
wonderful Power of Nature, by an Experi- 
ment, I take a Piece of Brafs Wire Part of ^'^ 
an Inch in Diameter, and applying it to ttie 
Steel-yard, there is required nxty Pounds to 
pull it afunder^ from whence, and the 
given Area of the Wire, it will be found 
that the Force of Cohefion in the Surface of 
a whole Square Inch of fuch Brafs will be 
at lead: equal to feventy-(ix thoufand four 
hundred Pounds, qr thirty-five Ton Weight 
nearly. 

1 1 . That this Power ads onh on ContaSi 
of the Particles, or at Diftance indefinitely 

finally is evident from ^ many Experiments, 
particularly thofe of Trituration^ or reducing 
Bodies to Powder j for by this Means fepa- 
rating the Particles, they loofe their Cohe- 
fion inftantly ; thus all Sorts of Grain are 
reduced to Jme Flour y and the hard fix'd 
Body of Glafs is by this means reducible to 
a Jluid impalpable Powdfr. ' 

12, Again, this is further evident by Ex- 
periments of a contrary Kind, viz. by re- 
compounding and uniting the fractured Parts 
of Bodies by the Interpofition of fome Kinds 
of Matter, which (halLfiU up the Pores of 
.the Powder, and bind them by this attradt- 
ing Power into confident and iblid Mafies 

B 3 again* 
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again. Thus Water unites the Parts of 
Flour into Dough and Bread ; and the loofe 
dufty Earth into hard Clod^ and Bricks. 

13. This leads us to confider the Nature 
of Cement in general, which, in every Kind 
aflfords moft wonderiful Inftances of this fur- 
prifing Power. It is well known, that in 
all hard Bodies, whofe Parts cannot be 
brought to touch each other intimately by 
Preffure (as in the leaden Balls) the Interpo- 
fition of fome other Body 6r Matter is ne- 
ceflary to caufe an Adhefion between them ; 
and this interpofed Matter, which thus binds 
the Bodies together, is called a Cement 5 or 
in the metallic Kind, Solder. 

14. Hence it is, that all polifh'd Planes, as 
Glafs, Marble, Brafs, &c. are made to ad- 
here together, by only wetting their Sur- 
faces with Water ; but this Cohefion will 
be much ftronger if Oil be ufed inftead of 
Water ; and ftronger yet with Suet or Hal- 
low ; in all thefe Cafes, if the Planes be 
heated fo that the Oil or Tallow may freely 

-enter the Pores, arid thereby more intimately 
unite with them, the Cohefion will (with 
Tallow be fo very great, that in two Planes, 
whofe Surfaces are but one fquare Inch^ there 
is required two hundred Pounds to fe- 
parate them in very cold Weather, as is 
fliewn by Experiment. So wonderfully 
great is this Power in lefs than half a Grain 
of Tallow. 

14. the 
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15. The Nature of Glues is from hence 
evident alfo^ for when thofe vifcid Sub- 
ilances are liquified by Heat, they enter 
the Pores of Wood, &c. and two fuch 
Pieces being applied together, and the hu- 
mid Part of the Glue evaporated, they are 
by the Remainder attracted, and made to 
adhere very firmly. 

16. Thus, alio, if IfmgJafs dijfohed in 
Brandy (which makes the ftrongeft Glue) 
be poured on the Surface of any Medal, and 
Jeft to dry on it; there will be formed a 
raoft curious Lamina^ containing the moft 
perfeSi Impreffion of the Medal; in itfelf 
tranfparent; but may be cover'd with Gold 
or Silver, as fliewn in the Experiment. 

17. The Method oi faliating Glafs^ pro- 
ceeds oh the fame Principle; for Quickfilvcr 
pour'd on LeafTin^ will intimately unite 
therewith, and make a fluid Surface ; upon 
which if a Piece of clean Glafs be laid, the 
Mercury will alfo enter its Pores, and thus 
unite or cement the T^in to the Glafs, and fo 
convert it into a very ufeful Speculum or 
Looking-Glafsy as is (hewn by Experiment. 

1 8. In metalline Bodies, that are to cohere 
by Solder, it is neceffary that the Parts to 
be folder'd (hould firft be well-cleanfed, 
that when the Metals are heated, and the 
Solder melted^, it may in that fluid State^ 
run freely into the Pores on each Surface, and 
thereby take the mor£ firm hold of them,« 

and 
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and when hardenccj with cold, may bind 
them with a prodigious Force together. To 
illuftratc this by Experiment, I take a Piece 
of Brafs well cleans'd, and putting a few 
"Orains of Mercury upon it, rub it all over 
^he Surface with a Piece of Cork, whicji 
wil| ^hereby become filver'd throughout ; 
and two fuch Pieces put together by their 
iilver-d Surfaces will cohere 5 and could the 
Qiiickfilver be in this Cafe fix'd as melted 
Metals are by Cold, this would prove a Solder 
like any sf them ; and therefore fully explain 
ibe Rationale of this Proce/s. 

][ 9. By many Eixperiments it appears ther« 
is between different Kinds of Bodies, a differ 
rent Power of Attradlion between their con- 
ftituent Particles. Thus when fFater is put 
into a Glafsy it is feen to rife all round by the 
Side^ which it could not do if the Particles of 
the Water were notattradtcd more by the Glaf$ 
than by each other. For 'tis eafy to underftand 
if the Particles of Water next the Glafs, 
were attraded on each Side, or every Way 
equally, they could not move at ally much 
lefs could they rife upwards^ contrary to 
their o\yn natural Tendency or Gravity. 

20. On the other Hand, if Mercury be 
put into a Glafs the Surface of it is lower 
all roftftd'by the Sides than in the Middle, 
which fhews that the P'arts of Mercury are 
piore attrafted by themfelves than by the 
^lafs, bccftufc, Were they equally attraded 
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by the Glafr, they would be on every Side 
(equally attraAed^ and confequently the Sur- 
face would be every where even or plane. 

i I . On this Principle ^tis eafy to account 
for the rifing of Fluids in Glafs Tubes with 
fmall Bores, called Capillary 7u6es. For • 
fince the Water within the Tube is foUicited 
upwards by a fuperior AttraiSion (-^r/. 1 9:) 
jt will rife in the Bore fo far till the Weight 
df the Cylinder thus raifed is ^qualto the Ex-r 
tefs of the attraSiing Force ^ and then there 
It will iland continually. This is all evident 
by Experiment. 

11. Since this Power a^s only upon Conr- 
taSl^ {Art. II.) the Water can be afFefted 
only by thofe Particles of the Glafs that are 
contiguous to them above the Surface, and 
therefore only by a Circle of Particles equal • 
to the Circumference of the Bore of the 
Tube J and therefore fince all Effedls are 
proportional to their Caufes, the Quantities 
pf Water raifed in Tubes of different Bores 
i^ujl neceffarily be in Proportion to the Cir- 
cumferences, ^ or to the Diameters of thofe 
Tubes. 

23. Hence if the Diameters of the Bores ^j:- 4* 
of two Tubes, A and B, be as 2 to i, 
the Quantity of Water raifed in A, will be 
twice as great as that raifed in the Tube B j 
but the Height of that in B, will be double 
the Height of the Fluid in A 3 becaufe the 
Quantity of the Fluid in A, is to that in B, * 
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of the fame Height as four to one ( * being 
as the Squares of their Diameters) therefore 
half the Quantity in the Tube B, muft have 
double the Height of that in A ; and hence 
urtiverfally, the Heights to which Fluids, will 
rije in capillary TtibeSy will be always greater 
in proportion^ as the Diameters of the Tubes 
are lefs. 

24. And as the Water rifes in thefe Tubes, 
fo Mercury will ftand in them hekw the 
common Level of that vvithout ; and thefe 
Deficiencies will be greater, as the Diame- 
ters of the Tubes are fmaller, for the Reafons 
before mentioned (in Art. 20.) which isalfo 
evident by Experiment. 

25. From hence alfo we fee the Reafoa 
why all Fluids rife fo readily into Sponge ^ 

^ Sugary Sandy &c. to very great Heights ; be- 
caufe there is a much greater Force of Attrac- 
tion between the Particles of thefe Bodies, 
and thofe of the Fluids, than there is be- 
tween the Parts of the Fluids themfelves. 

jr/^. 7. 26. Hence alfo we have the Reafon of the 

Operation of the capillary Siphon C D, -which 
raifes Water thro' one Part by Attradion, 
and carries it aver the bended Part, into the 
defcending longer Leg, where it defcends 
by its Weight and drops out. 

Fig. 7. 27. This accounts for the Nature and 

ASiion of the Filtre A B, the moft fimple of 
all the chemical Inflruments. For as this is 
made by fmall Pieces of Linnen or Woolen 

I Clot by 
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Clothy Tdrn^ Thready &c. the feveral Fila- 
ments attract the Fluid in the faoie Manner 
as the capillary Siphon^ and carry off the 
Fluid Drop by Drop. 

28. Aiid indeed all the more conjiderable 
Operations of Chemijiry are explicable upon 
this moft fimple Principle. Thus in the So-- 
lution of Bodies in various Fluids or Men-- 

firuUmSy nothing is required more than a 
greater attracting Force between the Parti- 
cles of the Fluid and the Solid, than there 
is between the Particles of the Solid them-^ 
felves ; and therefore, when the folid Body 
is immerfed in the Fluid Menilruum, thofe 
Parts which are in immediate Contact with 
the Fluid, muft neceflarily lofe their own 
Cohefidn, and bte feparately attach'd to the 
Particles of the Fluid ; and fince this will be 
the Cafe continually, till every Particle of jr,;^, 5: 
the Menflruum has attradled and united to 
itfelf fo many of the 'Solid as it can fufbin, 
the Solid will by this Means continue to be 
diflblved for fome Time, viz. till the whole 
Medium is faturated therewith, and then the 
Solution ceafes. All which is manifeft by 
Experiments of any metalline Bodies^ Mer- 
cury , tbalk^ &c. i^nimiQ^quafortis^ Spirit 
of Nitre, Vinegar ^ ice. 

29. In Solutions of this Kind, feveral 
Things offer themfelves very well dcferving 
our Notice. -^ As that mofi^ ij not all^ hard 
and fix' d Bodies are by this Means reducible 

to 
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to a State of Fluidity, ^bat the heavieji Bo^ 
dieSy as Goldy Mercury^ &c* are hereby fuf* 
fended in Fluids many Times lighter than them^ 
Jelves. That the moft opake Bodies^ as Mer*- 
curyy &c. mayy by having their Parts thus 
ifsttenuatedy be render' d moji tranfparent and 
pellucid, &c. &c. &c, 

30. In this Proccfs of Nature we may ob- 
ferve, the Adlion between the Fluid and fo-^ 
lid Body is much more intenfe and violent* in 
fome Cafes than in others , thus Aquafortis 
attrads the Particles of Brafs, much more 
ftrongly than thofe of Lead or Tin ; and the 
Parts of Iron J with much greater • Violence 
than * thofe of Brafs ; and in Proportion as 
this inteftine AiStion of the Parts is greater, 
there will be produced a greater Degree of 
Jl^at in the Solution, attended with a flrong 
Ebullitim ; and upon a Mixture of fome ejen^ 
fial OilSy this Commotion of the Parts will 
be {o fudden and violent, as inftantly to caufb 
zrealAccenfion, or pure Flamfc to rife, which 
fully confirms Sir Ij'Nens;ton's Doftrine, thai 
all Degrees offVarmthy Heat, Fire, and Flame 
arefolely produced by various Degrees of the 
inteftine violent Motion of the Parts of Bodies^ 

3 1 . If the Menjiruum be placed . in a 
Sand- Heat, its Adion will be rendered much 
ftronger, and it will diflblve much more of 
the Metal ; and then if it be taken off, and 
fet by to cool, it will as it grows colder, 
h«W its attrftfting Power Icflen'd, and will 

let 
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let go a Patt of the diflblved Metal, which, 
as it precipitates, will be feen to form tJbm 
crf/ial Flakes y and fall in the Form of Brum 
to the Bottona ; as will be very evident in 
fuch a Solution of Si her. 

32.. In general if Water ^ Salt, or fomef*g^6i 
other Body be put into a metalline Solution, it 
will be thereby weakened, and the metallic * 
Parts being thus mingled and entangled, can 
be no longer fufpended, but will lall to the 
Bottom in form of a fine impalpable Powder ; 
which ^hen the Fluid is poured off, and is 
dry, becomes a proper 8ubje<St ioxjihering* 

33, Thus fucn a Powder obtained from a 
Solution of filvery is made ufe of by various 
Artificers for Jihering ofBrafsy Coppery &c^ 
And thus a Gold Powder may be obtained by 
a Solution of that Metal in Aqua^Regia^ or 
Agua-Fortis in which Salt had been diiiblv'd< 
In order to perform this Operation with Suc- 
cefs, the Parts of the Metal to be filver*d^ 
muft be well cleanfed^ and the Powder 
mixed with Salt of Tarta^, and rub'd on with 
a Cork dip*d in Water, after which it muft 
be polifti'd and varnifh'd- (See Art. 18.) 

34. Thcfe are fome of the many Inftan- 
ces that might be produced to (hew how en* 
tirely moft of the Operations of Chemistry 
depend on this Principle of Attraction, and 
can be accounted for moft naturally by it. But 
tnany Proccflcs of natural and artificial Cbe^ 
nnfiry^ are found to refuk from that other 

Part 
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Part of this wonderful Power which zOls by 
Repuljion : For as it was neceffary that the 
Particles of Matter fhould, in fome Cafes, 
attraSl and adhere to each other I fo, in other 
Cafes, it is asneccfTary they fliould repel and 
fly from each other i that they may by this 
Means be qualified to produce all the diffe- 
rent Kinds oielafiic Bodies^ and their va- 
rious and furprifing EfFeds in all the Scenes 
of Nature, , 

35. Thus the Air 'is produced by the 
ABion of Heat (proceeding from the Parti^ 
cles of Light) in all Bodies which feparate 
their Parts (on th6 Surface) beyond each others 
Sphere ofAttraSlion ; and which then begin 
to repel each other, and fo an impercepti- 
ble Effluvium of aerial Particles is generatecf 
from. all Bodies, having a centrifugal Force 
between them, in which the Springinejs or 
Elaflicity of the Air does wholly confijft ; 
but of this I fliall fay more in the Pneuma-- 
tic LeBure^ and illuftrate this Operation by 

Bg. 8. Experiment. 

36. Alfo by the Adion of Heat, (from 
the FirCy Sun^ &c. J the Particles of Water 
being on the Surface feparated, immediately 
repel each other with a Force fomewhat 
greater than that in Air; whence thefe aque- 
ous Particles will have larger Inter ft ices, and 
muft therefore be lefs denfe than Air^ and 
fo have a \ti%jfectfic Gravity : Thefe aque-» 
Qus Particles therefore muft rife from humid 

Bodies 
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Bodies into the Air in the Form of Vapour^ 
till they arrive to that Part of the Air whofc 
fpecific Gravity is the fame with their own; 
and there they will float about in thofe large 
Colledtions we ufually call Clouds. 

37. As the Gravity of the Air is greater 
or leffer, the Clouds will^bc higher or lower j 
and when the Air fuddenly becomes lighter, 
the 0ouds or Vapours arc precipitated 5 ana 
in their hafty Defcent, are condenfed, and 
coalefcing into larger Portions, arc rendered 
heavier than the Air, and of courfe fall 
thro' it in Drops^ and thereby make Showers 
of Rain. 

38. There is always a requifite Degree of 
Heat m many Bodies to keep them in a 
fluid Stat^ 5 and the Caufe of this Warmth 
or Heat (viz. the inteftine Motion of the 
Parts, Sec Art. 30. ) being fubjedl to a Di- 
minution by the Mixture of fome Sorts of 
Matter, particularly Salt, it happens that 
when the Nitrous Salts (which have this 
Power in the greateft Degree) are copioufly 
mix'd with thefe Vapours in the Air, they 
lofc their Fluidity^ and become congcal'd 
into Sleety SnoWy Haily &c, according to its 
Icflcr or greater Proportion in the Mixture, 

39. The Earth affords alfo a large Exha- 
lation oi Sulphury which when it becomes 
mix'd with the Nitre of the Air, and mine- > 
ral Particles, which arc copioufly fublimcd 
from Mines and metallic Bodies, there will 
cnfuc a Fermentation, which when it is fuf- 

ficiently 
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ficiemly ei^citedi wiil produce uri Accenfibti 
Qf l^lame^ and make what we call Lightening;. 
In this Cafe the Spirit of the Nitre is greatly; 
rarefied)* and if entangled and confin'd in tboi 
Body of the Cloudi expands itfelf with fuch 
great Violence and Impetuofity, as to inake 
^hat prodigious Explojion we call Thunder i 
AU w^ich 16 very evident by the common 
^pcriment oi firing Gmpowdfn 

40. From hence alio we fee the Re^foni 
of tho^ chemical ProcefTes we Call DifiiUa-^ 
tioni Sublimation^ &:c; which are nothing 
more than a Fluid fr Solid Body^ having itl 
Parts by the Adtioii of Fire feparated beyond 
their Sphere of Attradtion^ and by that IVferans 
put into a repelling State^ in which they rife 
from the Subje^ in the Form of a Sti^fimi 
and are by the Recipient condensed agaia 
into a Liquor y or colle^led into a Body of 
fine impalpable Ptmder^ ^all'd Flowers^ Su^ 
limate^ &c, 
iig.g. 4^* From what has bepn premi&d, ^<jf 
may eafily deduce the Gauie or Reafon cf all 
the v^ious Degrees c^ jH4irdnefs and ^ofhfefsi 
Fixity and Fluidity in natural Bodies. For 
iince this Power is proportional to thei^grrtity 
of Matter, and ads in thofe JParticles only that 
are in conta(ft, or nearly jfo, it follows that the 
greater the Number of Particles or Qnaoiity 
of touching Surfaces is, the greater will he ^ 
CohefioB; and therefore thofe Partidef 
whofe Surfaces are large and plane, anof 

their 
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their Figure fuch a^ wiU admit of the great- 
eft Congruity, or Quantity of Contadt, muft 
ncceffarlly conjiitute the mofi hard and con^ 
jiftent Bodies. 

42. But if the Figure of the Particles arei^^. 10: 
very irregular, by which Means they touch 
partly by their plain Surfaces, and partly by 
their angular Points, or in fome fuch like 
Manner, then the Degree of Cohefion be- 
tween them muft be lefs, and they will be 
liable to be moved among themfelves, and 

will therefore ^ conjiitute the more foft and 
yielding Subjiances or Bodies. 

43. Laftly ; If the conftkuent Particles ^/g:. i^ 
be of a fpherical Figure^ * they will touch 
each other in Jingle Points only ; the Cohe- 
fion therefore between them will be the 
leaft poffible ; and they will be put into Mo- 
tion with the Icaft Force, and fo conjiitute 

the mojl vojuble or Fluid Body. 

44. We now proceed to account for iht Fig. 12. 
Nature J and ejlablijh the theory of Vegetation 

in all Kinds of Plants ; and here we find, 
by examining their Strufture with proper 
Glaftes, that the lignous Subftance of Plants 
and Trees, is nothing more than a Congeries 
or Jijfemblage of an infinite Number of capiU 
Jary Tubes^ all connected or bound together by 
tranjverfe Ligaments or Bands. Thcle arc 
(hewn in a Preparation as here reprefented 
in the Figure. 

C 45. If 
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45. If cither the P^oot or Stem of a Plant 
be cirt tranfverfely with a very iharp Knife, 
the Orificea of thefe Vcffels, or vegetable 
^ubes will appear innumerable over all the 
Surface \ .^il if ao extreme thin Slice be taken 
off, and held up againft thQ Light, it will 

Tig, 13. appear almoft tranfparent, by Reafon of fuch 
a Multiplicity of Holes or Pores/ feme what 
like what you fee in the Figure* 

46. The Veflels or Tubes appear, io the 
Solar Micro^ope, to be of two Sorts, viz. 
one, which are large, deftined for the Paf- 
fage or Circulation of Air thro^ the Body of 
the Plant, and are therefore called Air-Vef- 

fels ; and thefe are they which appear (o 
.plainly arid numerous to the naked Eye in 
thofe Pieces of the Ci9«^^/Wz^j {or Bit Amnd J 
.which I (hall £hew in thq Section. 

47. For as, to the fecmd Sart^ they are (• 
exceeding fmall as not to be diftin<Sly feen 
with the Eye alone, nor fufficiently magni- 
fied by any other Inftrument than iht Solar 
Micro/cope. Thefe are fitted on this Ac- 
count to attrad: the Moifture or nutritious 
Juices of the Earth, by means of the Roots 
thro' which they are continued in innume- 
rable, and minute Ratnifications. 

/Vg. ,4. 48. That the larger Veflels contain and 
circulate the Air is beyond Difpute made evi- 
dent by many curious Experiments on the 
Air- Pump ; and that the fmaller Sort have 
an attraSling Power y (the fame as the afore- 

mention'd 
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mention'd Capillary Tubes in Glafs, Art. zi.) 
For by a new Experiment we (hew a vege^- 
table Siphon^ A B attracts and draws the 
Water out of the Giaifs in the fame Manner 
as the Glafs capillary Siphon did, [Art. 26.) 
And this affords an ocular Demonjiration of 
the Force there is in Plants to draw up their 
nutritious Juices from the Earth. And as 
the Heights to which it muft rife in Trees 
is very great, it was ncceflary that the Vef- 
fels fhould be exceeding fmall for that Pur- 
pofe, as is evident from Art. 23. 

49, That the i'/7^ rifcs, by means of thefc//^. ij. 
Tubes, thro' all the Body of the Tree (and 
not between the Bark and the Wood as is 
tifually fuppofed) feems evident from the 
following Experiment, A F is a part of a 
Bough with the Bark taken off all round in 
two Places B C and D E, and from the in- 
termediate Part C D there grows a Twig G, 
whofe Leaves will grow and fiouri(h all the 
Seafon of Vegetation, as well to appearance 
as any of the reft on the Tree ; as will alfo 
all the Leaves on the Twigs beyond the Part 
A, From whence it follows, that all the 
NouriQiment to thefe Leaves muft be deri- 
ved from the Sap which is carried to them by 
the Tubes, which go off from the Body of 
the Bough thro' the Stem of the Twig G, 
fincc the Wood where the Decortications 
arc made, are perfectly dry all the Time, 

C 2 50. Again 
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V 50. Again it appears by this Experiment, 
that after the Tree is fupplied by this means 
with Sap for Vegetation^ and the Leaves h?-ve . 
attain'd thtir full Growth, that part of the 
Sap returns from the extreme Parts between 
the Bark and the Wood, becaufe we fee the 
upper Parts of the Incifions of the Bark at B 
and D become fwolen, protuberant and cal- 
lous to a great Degree $ whereas the lower 
Parts at C and E fhrink in, and look dead ; 
which plainly argues the Sap is obftrufted in 
its Return or Defcent at B and D, and there 
lodging fwells out the Lips of the Incifion, 
while none coming to the Parts C, E, they 
become emaciated and withered. 

51. Again, this returnirtg Sap feems ne- 
ceffary for the Support of the Leaves after 
they have arrived to their full Growth, for 
tho' the Leaves on the Twig G vegetate and 
grow equally with the reft, yet they de- "^ 
dine, fickcn, grow pallid, and die away 
fome lime before the reft on the other Parts 
of the fame Bough and Tree. And even 
thofe on the Bough, beyond the Decortica- 
tion B G, will not continue their Verdure 
and healthful State fo long as the other 
Leaves of the Tree. 

52. But to put this Matter beyond aU 
Fig.iG. £)Qub^^ I tried the following Experiment. 

I feparated with a Knife the two Twigs C 
and E from the Body of a Bough A G, and 
kept them fo by a fmall Wedge under each ; 

then 
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then at B, juft above and over the part D I, 
cut away the Bark to prevent any Sap from 
returning to the Twig C from above, and as 
none could come to it from the Body of the 
Bough being feparated from it,) the Confe* 
quence was, that the Twig and its Leaves 
immediately died and wither'd away ; where- 
as thofe on the Twig E being fupplied with 
the descending Sap, continued their Verdure 
equally with the reft on the Tree till the 
Fall. 

53. Thefe vegetable Duds or Tubes we 
have been fpeaking of, and of which the 
lignotis Part of the Plant is made, are de- 
tached from the Boughs in fmall Portions 
thro' the Foot-Stalk, or Tail of the Leaf, 
under proper Integuments, to be diftributed 
thro' all the Body of the Leaf, where they 
pcrfpire, or throw oflF all the fuperfluous Part 
of the Sap. Thefe tubular Fibres as they 
are coiitain'd in the Tail of the Leaf, pre- 
pared, diffolved, and expanded, you fee re- 

' prefentcd in Fig. 17. 

54. The beautiful and wondroufly fine 
Ramifications of thefe Veflcls thro' the Leaf 
itfelf you fee in Fig. 1 8 and 1 9, where you 
obferve moreover, that each Leaf is a 'Dm^fj^, is. 
plicature of thefe Veffels, or confifts of two^'i- '9- 
Syjiems or Layers of Fibres ; one of which 

is very fine, as Fig. 1 8 ; and the other niuch 
coarfer {Fig. 19.) Thefe anfwer to thciSy- 
ftem of Arteries and V^ins in an animal 

C 3 Body, 
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Body. And into thcfe two Parts, many 
Leaves (as thofe of Holly ^ Apple-Trees^ &c.J 
do naturally refolve themfelves in their Pre- 
paration in Water, of which the two pre- 
lent Figures are an Inftance. 

SS* I fl^all only further obferve, that this 
extreme Ramification of the Veffcls in a 
Plant is every way analogous, or alike to that 
in Animal Arteries and Fei?2s, as I (hew by a 
Specimen of thefe latter inje&edy compared 
with the Leaves anatomized. There is alfo 
a further Similitude in the Contexture of thefe 
organized Bodies, which I alfo illuftrate by 
proper Specimens and Preparations in each. 

56, Indeed there is this Difference in the 
Oeconomy of Nature in animal and vegeta^ 
ble Bodies ; that in the former, (he makes 
ufe of the mufcular Force of the Heart for 
the Pulfion^ Protrufon^ and Circulation of 
the Fluids and "Juices by which the Body is 
nouriflied 5 whereas this in the latter is ef- 
feftcd principally by the capillary AttraStion^ 
in the Manner as above explain 'd. 

^j. In the laft Place with refpcdl to Plants 
I (hew by Preparations of Bark and Woody 
that the Plant or Tree does eaqh Year in^^ 
creafe by the Addition of a lignous cylindrie 
Shelly which firmly adheres to the former, 
and which is yearly derived from the interior 
Barky which contains them in almoft infi- 
nitely thin Lamina ; one of which' from 
Year to Year has its Veflels expanded by the 

Sap, 
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Sap, and grows by degrees into a thick 
woody Subftance, confifting of Sap and air 
Vejfels ; and by a Kind of vegetable Articu-^ 
Jatioriy it is naturally fitted into, and unites 
with that of the preceding Year. 

58. Having thus fufficiently illuftratcd the 
Nature and Ufc of this univerfal Power of 
jittradlion and Repuljion ; I (hall in the nexjt 
Place, juft give an Inftance of the Nature 
and Ufe of another Power of AtiraSlion and 
Repulfioriy which is of as Jingular a Kind\ as 
it is form'd to afFe(St only two Sorts of Mati- 
ter, vix. the Load-Jlone and Iron i but it pof- 
fefles the former in a moft eminent Degree. 

59. This Virtue is emitted from two Parts 
of the Stone or Magnet in a very fine imper- 
ceptible Effluvium J and if Pieces of Iron 
be properly placed over thofe two Parts, it 
will be as it were attracted, accumulated and 
condenfed in the Iron, and from thence will 
be emitted or communicated with much 
greater Force and Intenfity than from the 
Stone itfelf. 

60. The Criterions or Marks of a good 
Magnet, are Blacknefs^ Hardnefs^ and Hea^ 
vinefs. It attracts and repels Iron, but touches 
no other Sort of Matter ; the fame iEnd of 
a fufpended Needle which is attracted ty one 
end of the Stone, is r^pell'd by the other. 
It may be communicated from the Stone to 
Iron, which if form'd into a Needle, and 
fufpended on a fine Point, will turn into a 

. C 4 Pofition 
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Section II. 

^e Nature of Light explained', the Lanvs 
of Reflection and Refhaction i>f 
Light ; the Nature and EfFeds of Mrtt- 

* RouRs and Lenses ;^ the Prifmatic Co- 
lours of Light 5 the Nature of Vision 
by a Natural and Artificial Eye; of 
the common Microscope ; the Solar 
Microscope ; of Refrafting and Rc-^ 
fledting Telescopes ; of Camera Experi-- 
jnents and Inflruments. 

J* rri H E Subjedt of this Scdtion is the 
m Do<i^rinc of Lights Colours^ Vi^ 
fon and optical Injlruments. 

2k Light confifts of the moft fubtile or 
ftnalleft Parts of Matter ; and is appointed 
by Nature the material Caufe of Vifion or 
Sight. Its luminous ^ality depends upon 
the Minutenefs of the Parts, and the great 
Velocity of their Motion. For as the Par- 
ticles of Light are the fmallefl of all others, 
fo they move with the greateft Swiftnefs ; 

* for by Experiment, it has been found that 

• 
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>ves at the Rate of Ten Millions of 
' in a Minute. 

This Kind of lucific Matter was at firft 
^Uedted into a Body of an enormous Size, 
Tve as a Magazine or general Receptacle 
ight ; this we call the Sun, from which 
Light is conftantly difpenfed thro* every 

of the Syftem, to anfwer all the Purpo- 
cf Lights Vifion^ natural Heaty Vegeta^ 
J &c. in the feveral planetary Worlds. 
. Thefe Particles of Light emitted from 
Sun, and falling upon the Surface of Bo- 
j is in Part renedled from the Surface, 
in Part imbibed into or refradled thro' 
Subftance of the Body. Thus let A B% «• 
he Surface of a plain Mirrour, D C the 

of Light falling thereon at C, and let C 
5 perpendicular to the faid Surface i then 

the Ray D C ie fo reflected into the Ra^ 
\ as to make the Angle of Incidence D C 
I to the Angle of RefieBion E C F, as is 
* evident by Experiment in the Camera 
lura. 

. That Part of the Beam which enters 
Subflance of Bodies, puts their Parts into 
Lion, and according as it is imbibed and 
in'd in a greater or lefTer Degree, it adu- 

the parts of thofe Bodies more or lefs, 

produces in them fuch Degrees of Mo- 
, which, when it afFecfls our nervous 
em, excites in our Minds the Ideas of 
f-mth. Heat, &c. by thofe of Feeling ; 

and 
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and of Lights Flame^ Colours^ &c. by thofc 
appointed for Vijton. 

6. When the Parts of Bodies and alfo their 
Pores are fo large as to caufe fuch irregular 
Reflexions, and Refracaions of the Light 
thro* the Subftance, that it cannot go on, or 
be tranfmitted thro' it in right-lined Direfti- 
6ns, it is evident we can fee none of the in- 
ternal Parts of that Body, which is there- 
fore faid to be opake. As on the other Hand, 
that Body is tranfparent^ which tranfmits 
the Light fo regularly through its Subftance 
to the Eye, that all its internal Parts are 
thereby rendered vifible. 

j. In thefe Sorts of Bodies we determine 
the Law of RefraSiion by Experiments in 
many different ways j one of which, as it is 
^'i- 2. very eafy, I (hall here explain. Let A B C D 
be a VeflTel, fet in the dark Room, where 
the Beam of the Sun E F (hall juft touch the 
Top of the Side A D, and pafs on to the 
Point F at the Bottom. Then filling the 
Veffel with Water to the Brim, the Ray of 
Light E A will not now go thro* the JVater 
to F as before, but will be bent into the Di- 
redlion A G, which is therefore call'd the 
refraSted Ray^ and the Angle D A G is the 
Angle of RefraSlion j as D A F is that of 
Incidence. 

8. If on the Side AD we defer ibe with 
the Radius A D the Arch of a Circle D M, 
and from the Points H and K where it inter- 
feds 
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ft&s the refraAed and incident Rays, the 
Lines HI, K L, be drawn perpendicular to 
A D, thefe are call'd the Sines of the Angles 
DAG and D A F ^ and are always to each 
other in the Proportion of 2^ 4 nearly 
in Watery as 2 to 3 in Glafs 5 and as 2 to 5 
in Diamond. Whence it appears, that the 
greater the Denjity of the refrafting Medium, 
the greater will be its refraSlive Power y tho' 
not exadtly in the fame Proportion ; but here 
we muft except Oils and fpirituous Liquors. 

9. We (hall now apply the Dodrine of 
rejlecled Light to account for the EfFedk of 
concave and convex Mirrours. Let A B htp^ ^^ 
a Segment of a hollow Globe of Glafs, 
whofe Center is C ; and Qujckfilver'd on the 
con vex Part A B. The Ray or right Line H V, 
that paffes, thro' the Center C and falls on 
the middle Point or Vertex V of the Mirrour, 
is caird the Axis of the Mirrour ; let D G 
be another Ray from the Sun parallel thereto, 
and thro* the Point of Incidence G draw 
- C E, * this will be perpendicular to the Mir- 
rour in G, then niake the Angle C G F 
equal to the Angle C G D, and G F will be 
the rejleSted Ray 5 and the Point F will be in 
the middle between C and V, and is call'd 
the Solar Focus, becaufe all the Sun's Rays 
will be there collcdted into a fmall bright 
Spot, and burn very intenfely ; all this is evi- 
dent from the Law of Rcflcdtion in Art. 4. 

10. Sup- 
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10. Suppofe any radiant or luminous Bafy 
were placed near the Mirrour in the Axis at 
(d) and let ^ G be a Ray of Light paffiog 
from it to the Mirrour in G ^ then make tho 
Angle C G/ equal to the Angle C G ^ 
and Gf will be the refledted Ray, and the 
Point J^ will be nearer the Center C than the 
Point F. If the Point d coincides with Ac 
Point C, then the Ray will be reflected up- 
on itfelf. If the Radiant be at/, and/ 
the incident Ray, then G d will be the it- 
fle<5ted Ray. If the Radiant be placed in 
the Focus F. the Ray F G will be rcflcacd 
into G D parallel to the Axis. And laftiy, 
if it be placed nearer the Mirrour as at R, 
the refleded Ray K G will be G I, proceed- 
ing from the Mirrour as if it came from die 
Point M in the Axis of the Mirrour foehind 
it. All this is evident likewife from the 
fame Principle in Art. 4. 

1 1 . Hence we may eafily infer every 
Thing relating to the Formation of the Images 

% 4- ofOhjeSis in a concave Mirrour ; for let A B 
be &ch a Mirrour, and O B an Objc<3: placed 
beyond its Center C, then fince the Axis 
C V is perpendicular thereto in the Vertex 
iVj^the Particle of Light coming from the 
Point O, of the Objedl in the Direction of 
the Axis, will be refledted back in the fame 
. Diredion to its Focus at I, where that Point 
O will be reprefented. Then from the other 
extreme Point B let a Ray proceed to V, 

jtnd 



to the Newtonian Philosophy. 3 x 

and making the Angle I V M equal to 
B V O, we have V M the rcfleacd Ray, 
and the Point M vrill be the Reprefentatioh 
of the Point B. And hence all the Rays 
proceeding from every Part between O and B 
will be refleded to the Line I M^ and fo 
the whole Line I M will be the Reprefen^ 
tation or Image of the Obje£t O B. 

la. Hence it appears thzt tht Pofif ion of 
the Image y with Refpedt to that of the Objedt^, 
muft neceflarily be inverted, and on the con^ 
trary Side of the Axis. Hence alfo it appears, 
iince the Objedt and Image are both feen 
from the Vertex of the Mirrour under equal 
Angles B V O, and I V M, *the Length of 
the OhjeSi will be to that of the Image as the 
Dijlance of thepbjeSi O V to the Dijiance 
of the Image I Y from the Mirrour. 

1 3 . Therefore, while the Objedt is farther 
from the Glafs than the Center C the Image 
will be on the Jame Side, but nearer to 
it, and kfs than the ObjeB. If the Objeft 
were placed in the Center C, the Image 
would be there formed alfo, in an inverted 
Fofition and equal to the Object : If the Ol>- 
jcdl be placed between the Center C and Fo- 
cus F, as at I M, then will O B be the Image 
formed beyond the Center, inverted and 
magnified. If the Objedl be placed in the 
Focus F, the Rays will be all reflcdled pa- 
rallel to the Axis, and form the Image at an 
infinite Difiance, and infinitely large, Laftly, 

fuppofe 
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fuppofe the Objed placed any where between 
%• 3* the Focus F and the Vertex V, as at K, 
the Image will be form'd behind the Glafs 
at M, in the fame Pofition as the Objeft, 
and magnified. Thefe are the principal Pro^ 
pertics of concave Mirrors^ which are all of 
them demon ilrated by Experiments. 

14. la the fame Manner I might fhew, 
that Rays of Light falling on a convex Mir- 
rour^ and reflcQed by the fame Law (Art. 4* 
will all proceed diverging from the Glafs in 
fuch Manner as if they came from a Point 
behind it ; fa that thefe Glares have no real 
Focus or burning Point ; they form the 
Image only behind^ always eredf^ and lefs than 
the ObjeSl ; fo that no magnifying Power be- 
longs to this Glafs, when ufed fingly by it- 
felf. Thefe Things appear alfo by Experi- 
ments with thofe Glaffes. 

1 5. If the Rays of Light pafs thro' a Glafs 
whofe Surfaces are plain they cannot be refrac* 

Fig* 4. ted towards one Point, or Focus ; but if one 
or both the Surfaces are convex, they will be 
fo refraded, as may be thus eafily (hewo : 
Let A B D be fuch a convex Glafs or Lens 5 
C K its Axir, and let the convex Surfi^^e 
A B be defcribed with the Radius M E, and 
the Surface A D, with the Radius Q O, 
and let F E, a Ray of Light parallel to 
the Axis, fall on the Lens at E, which as it 
there meets with the denfc Medium of Glafs 
will be rcfradlcd out of its parallel Dire^lioa 

EN 
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E N into another E K, fo as to make the 
Sine of the Angle of Incidence MEN, to 
the Sine of the Angle of Refradlion K E N, 
as 3 to 2 J (as is evident from Art. 7, and 8.) 
The Ray F E therefore will by the firft Re- 
fi'adlion tend to a Point K in the Axis. 

16. But as the Ray, pafling thro' the Glafs 
from E to O, there meets with another con^ 
vex Surface^ where it muft now be refradled 
into a rarer Medium^ or Body of Air^ 
therefore the Ray E K will now be refraft- 
ed into another O L) fo as to make the 
Sine of the Angle of Incidence P O K to 
that of the Angle of Refradion P O L as 
2 to 3. The Ray F E therefore after Re- 
fradlion at both Surfaces, will meet the Axis 
at the Point L. 

1 7. If the two Surfaces A B, AD, be 
equally convex, or the Radius C O be equal 
to M E, then will the Point L coincide with 
M; or parallel RaySy by means of fuch a 
Glafs, will be converged to a Focus^ at the 
Diftance of the Radius of Convexity. Thus 

the parallel Rays A B C D falling on a dou-pi^^ 5^ 
ble and equally convex Lens will be all con- 
verged to the Focus F, where they all crofs 
each other; and from thence go diverging 
towards G and H. 

1 8. Let A H be the Axis of a Lens D E 5 Fi^, 7. 
tfa4n if O be any luminous Point in the faid 
Axis, the Rays which proceed from thc»to 

the Lens D £ will all be refraded or con^ 

D verged 
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^ig 7- verged to a Focas in the Point I on tlie 
other Side, And if O B be an Objcd then 
all the Rays proceeding from the other Ex- 
tremity B to the Lens will be refraftcd to 
the Point M in the right Line B M, paf- 
fing thro' the Center of the Lens C. There- 
fore all the Rays from every Point between 

- O and B in the Objcdl will be colledled rc- 
fpeftivcly into fo many Points between I and 
M, and thereby conftitute the Image I M of 
the Objed O B, in an i?iverted PoJUion^ 

19. Becaufe only parallel Rays can becon- 
vergcd lo near the Lens as its Focus F (by 
Art. 17) therefore Objedls only at an infinite 
or a very great Dijiance can have their Ima* 
gesjhrm'd in or very near the Focus offucb a 
Lens. If the Objedl O B approach towards 
the Lens, the Image I M will recede from 
it, and become bigger and bigger, till the Ob* 
jed arrives to the Point which is double tke 
focal Diftance from the Lens, and there the 
Image will be alfo at the fame Dijiance on the 
other Sidey and equal to the Objed. As iKc 
Objedt O B proceeds from hence towards 
the Lens the Image I M will recede far- 
ther, and become bigger than the Objcdj 
till the Gbjedl arrive at the Focus of the 
Lens, and then the Image, being forih*d by 

. parallel Rays, muft be at an infinite Diftance 
and infinitely large. Laflly, if the Objedfe 
be nearer the Lens than the Focus, tbe Image 
will become n^ative^ ar formed on the Jam 

Side 
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Side with the ObjeSl^ and always bigger than 
tbeObjeSly and in an ereSi Pofition. 

20. Thefe arc Properties of a convex Lens. 
As for concave onesy they are quite the rc- 
verfe j thus if the parallel Rays A B C D fall 
on a concave Mirrour, they will be refrafted ^'g- ^« 
. into a diverging State toward G and H, in 
fuch Manner as if they came from a Focus 
F on the other Si5e. If the Mirrour be a 
Plano-concave y this Point F, or virtual Focus 
will be at the Di fiance of the whole Diameter 
of the Sphere of Concavity. If it be double 
and equally Concave, the Point F will be 
in the Center of Concavity. 

21* If converging Rays G H tend to a 
Point F, and a Concave B C be fo placed to 
intercept them, that its virtual Focus (hall 
coincide with the Point F, then will thofe 
llayJB after Refradlion go parallel from the 
Lensj as reprefented in the Figure. 

22. Having thus accounted for the Nature 
and Laws of Refraftion, it will jiow be cafy 
to account for the Colours of Bodies by Expe- 
riments of the Prifm. For let A B be a Prifm%- 9* 
and C D a Beam of Light falling upon it in 
the Point Di it will pafs thro' and be refrac- 
ted on the other Side at E in fuch Manner 
diat the refracted Ray R E fhall make an 
Angle with the Perpendicular EF greater 
than the Angle HEF, which the Incident 
Ray CH makes with it, by the Law of 
Refraftion (Art. y.) 

D 2 23* 
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23. But then we fliall obferve that the 
Rays of this Beam will not* equally re- 
fradted, but fome Part will go to R, another 
Part will be more* refracfled, and go to O; 
another Part to I, another to G; other 
Parts to B and I ; and that which is moft of 
all refradled to V. 

24. Now fince the refraSiing Power of 
the Prifm is every whe/e the fame, if the 
Rays or Particles of Light were all of the 
fame Size or Magnitudt, they muft neceflii- 
rily be all equally or alike refraded, viz. to 
one and the fame Place. But as this is not 
the Cafe, it evidently follows, that thefe lu- 
minous Particles are oi various different Mag- 
nitudes-^ and that thofe which are largeft, 
and, of Courfe, leaft Subjedl to the refrafting 
Power, will be leaft of all refraBed^ and there- 
fore fall neareft the Perpendicular, viz. in 
the Diredion E R. As on the other Hand 
thofe which are of the leaft Size^ muft! needs 
be moft refraBed^ and will go from E to V j 
and all the intermediate Rays according to 
their feveral Magnitudes, will fall between 
R and V. 

25. And here we are next to obferve, that 
as Nature has caufed the Idea of Vifion in ge- 
neral to arije from the ASlion of a Particle of 
Light upon the optic Nerve in the Eye^ fo this 
Idea of the Form is always connected with 
another which we call Colour, and which 
arifes from the peculiar and different Adtion 

or 



to the Newtonian Philosophy. 37 

or \Fbrce with which each particular Ray 
affedls the Nerve. Thus the Rays E R 
being largeft ftrike with the greateft Force, 
and by that excite the Idea oiRedneJs in the 
Objcd: which emits it. Again, thoie which 
are leaftof all, and ftrike the Nerve with the 
leaft Force as the Rays E V, make the Idea 
of a Violet Colour y and the Rays at O make 
an Orange Colour 3 at Y a Tellow ; at G a 
Green*, at B zBlue-, and at I an Indigo Co-- 
lour. All which Particulars appear extremely 
plain and beautifully by the Prifm in a dark 
Room. 

26. Hence, fince we find bv common Ex^ 
perience, that there is in, different Parts of 
Matter a different Power of AttraSiion and 
Repulfum (Se<5t I. Art. 2.) that is, in this 
Cafe, of RefraSiion and RefieSiion of Light \ 
it muft follow, that thofe bodies whofe Par-^ 
tides have a Power of refecting or rejr acting 
any one Sort of Rays alone ^ or more copioujty 
than the Reft^ muft neceflarily appear of that 
particular Colour, which is caufed by thofe 
Rays. Thus Vermillion throws up all the red^ 
making Rays^ and imbibes the Reft, and muft 
therefore appear red. Gold reflefts all the 
yellow-making Rays, and fo muft appear Tel^ 
low; and the fame may be faid of all the Reft. 

27. If, as in fame Cafes it happens, a 
Body refleds one Sort of Rays, and tranf-* 
mits another, it muft neceflarily appear of 
one Colour by RefeSlion, and of another by Re-r 

D3 ' jraBioa 
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fraStion. Thus Leaf-gold appears Tellow by 
reJleSled Ligbt^ but of a fiac Azure or jS/a^ 
^rf^;z by refrad:ed Light. Alfo a Tin€kure 
of Lignum Nephriticum appears of a decpi. 

* Blue by reflected Lights but Red by the LigBfi 
refracted thro' it. All which, is confirmed 
by Experiment. 

28. The Rays of Light arc not only 75* 
ferated by RefraSlion but alfo by RejkStion > 
and hence in fome Kinds of Bodies where 
the Power of Reflexion is oniform, the Ray« 
of Light nauft, according to their feveml 
Magnitudes, be refleded under different Aa- 
gles ; whence the Eye placed in one Pofitipn 
^es the Objeft of one Colour, if! another Po»» 
fition of another Colour ; and thus by moY- 
ing the Eye or Objed:, the fame-Part fhall 
appear of different Colours fuccefSvely, as is 
evidently (hewn in a Peacock's Feathery the 
Wings oi fmall Flies y thin Bubbles of Soap 
Watery Sill^S$finSy &c. 

29. Thofe Bodies nvhich refled: all the 
Rays of Light as they^ fall, muft necei&rily 
appear of the fame Colour with the Suns 
Light, viz. White, and fuch Bodies as im- 
bibe or abforb almofl all the Rays of Light, 
mufl appear dark or blacky i. e. without aiyr 
Colour at all. Hence the Reafon why \vhite 
Bodies are ofafironger and more lajiing TVx- 
ture than black Ones, whofc Parts being al- 
ways fubjedt to the Adion of a much greater 
Quantity of Light, are fooner brought to a 

State 
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State of Separation or Diflblution, /. e. of 
Rott€nnefs. 

30- Thus much for the Rationale ofCo- 
Uurs ; we (hall next fhcw how Vision i$ cau- 
Jid by the Eye ; in order to which we muft 
firft confider its Formy StruSlnre^ and other 
Circumftaoces conducive to this great EfFcdt. Fig, i o. 
And firft^ iince the Nerves are appointed the 
jgemri^l Or gam of all animal Senfation^ the Eye 
being placed in the Head, a Portion of Nerves 
is ient from the Brain to each Eye, in a round 
Bundle, as N M; where it enters the Eye 
:at M, and from thence is expanded into a 
fine Membrane or Lining over all the interior 
Part of the Eye as far as Sand T: This 
Expanfion of the optic Nerves is call'd the 
Retina^ and* is the immediate Organ of Sight. 

3 1 . For upon this the Rays of Light com- 
ing from every Point in an Objedl O B are 

^coavened by the convert Figure of the fore 
Part of the Eye K P L, ^and thereby aa 
Image I M is form'd in the Focus, which 
in an Eye well form'd is nicely at the Bottom* 
on the Retina. For this Purpofe it was ne- 
cefiary th6 convex Part fhould be tranfparent 
to admit the Rays of Light freely; and 
thence it is call'd the Cornea^ or horny Coat 
^the Eye. 

32. In Order to keep this Cornea of a due 
Degree -of Convexity, Nature has appointed 
a clear Fluids lympid and tranfparent as Wa- 
ter^ and is therefore call'd the aqueous or 

D 4 ivatry 
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watry Humour ', this fills out the Cornea', and 
in Cafe it is loft by a Wound or Pund:ure in 
the Cornea^ it is fupplied again. 

33. The next Part we naeet with, is a 
Sort of Diaphragm or Membrane, call'dthc 
TJveay with a Perforation or ^olc in the 
Middle at 00^ call'd the Pupil: The Pu-. 
pil is dcfign'd t6 adjuft the Quantity of Light 
for dijiink Vijkn: For this Purpofe, the 
Uvea confifts of two Orders of mufcular Fir 
hres^ one of a circular Form on the Outfide, 
and by thefe the Pupil is contrasted J or the 
Exchfion offuperfluous RaySy when the Obje£i 
is too luminous and bright ^ And by another 
Set of Fibres on the Infide, difpofed in a dif- 
ferent Manner, like Radii from a Center, 
the Pupil is dilated to receive more^RaySy when 
the ObjeSl is remote and dark. 

34. Behind the Uvea we meet with a moft 
curious Part S T calVd from its Clearnefs 
and Confiftenge, the crystalline Humour i it 
is like a fmall thick Gials Lens, more Con- 
vex behind than before. It is connected to 
the Coats of the Eye iall around on the Infide 
by a Set of mufcular Fibres ^ proceeding from 
the Ligamentum Ciliare^ and is thereby fuf- 
pended juft behind the Pupil ; it is included 
in a very fine Tunic call'd the Arachnoidesi 
This Part is deftin'd for correding the.firft 
Refra6lion at the Cornea, and adjulling and 
perfecting the Image upon the Retifta ; which 
is done by occafionally altering it$ Diftance 

from 
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the Retina, and the Convexity of its Surfaces, 
by the aboveaiention'd Ligament. 

3 5. The Third and largeft Humour of the 
Eye is cail'd the glajjy Humour j it makes 
the Globe or Body of the Eye, and is every 
Way very much like the White of an Egg: 
It is reprefented by the Space S I M T in 
the Figure of the Eye 5 and is very tranfpa- 
rent. The Ufe of it is to give freeAdmiffion 
to Rays of Light to the Retina, which every 
where encompaffes it, and to keep the Eye 
of a globous Figure. The Bottom of the Eye 
is not of ^ plane, nor yet oi ^ifpberical Figure ^ 
neither of which would admit of a true or 
perfeiS: Formation of the Image on the 
Retina. 

36* By this wonderful Structure and Me- 
cjianifm of the Eye, the Image I M of any 
pbje<5t O B is formed on the Retina, exactly 
in the Manner as by a Glafs Lens, as fhewn 
before from Art. 15 to ?o. And tho' the 
Image be inverted, yet we m'uft neceflarily 
fee the Objedt erect 3 becaufe the Idea of Eo^ 
y&;V;^ depends upon iht Direction oj the Ray 
of Light ', and as thefe Rays crofs each other 
in the Pupil, it follows, that the Particle of 
Light; at I, muft excite the Idea of Vifion 
at the Point B in the Object, it being refcr'd 
thereto by the right-lined Direction of the 
Ray I B; and thus the Point M is refer'd 
to O, and fp of all the Reft -, whence the 
Object muft neceflarily appear erect. 

37-Tlie 
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37. The Nerve N M is not inierted m 
the Middle of the Bottom of the Eye, but oa 
t^ Side, for this Reafon, that all the Rays 
of Light that fall on the Part where the 
Nerve enters the Eye are loft, and had it. 
been infcrted at Q, juft oppofite to the Pu- 
pil, then all the Rays which enter the Eye 
diredly^ and make the moft perfect Part of 
the Image I M had been loft, and we ihould 
have feen a Hole or black Spot in the Middle 
of all Objeds;as weeafilyfhew by Experiment* 

38. When the Cornea K P L is too con- 
vex, the Rays of Light are converged to a 
Focus, before they arrive to the Retina^ and 
therefore the Image upon the Retina m\x9tm 
that cafe be very indiftindt and confui&d'/ 
Such an Eye is calFd a Myops^ and makes 
Tefyple jt^ort" fight ed^ that is, it obliges them 
to hold what they fee at a ftiort Diftance 
from their Eyes, in order to prolong the fo- 
cal Diftance, and make it reach the Retina to 
imprint the Image perfectly thereon. And 
for remote Objedls tljey ufe a concave Glafs 
which produces the 4me Effedt, by caufing 
the Rays to go kis converging to the Retina^ 

39. When the Cornea is too flat, as gcnc- 
rilly happens by Age, the R^ys tend to a 
Focus beyond the Retina ;and this alfo cau- 
icis the Image to be very imperfed and indif* 
tinct upon it \ fuch People are therefore called 
^ejbyta j and their Remedy is a pair (^ 
spectacles with convene Glajfes^ which makes 

the 
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the Rays converge fooner, and imprints the 
linage duly od the Retina. Every thing 
hitherto advanced in regard to VifioB, and 
the Defeats thereof, together with their Re^ 
medics by Glaflcs, are (hewn by the Difec-- 
tion of the natural EyCy and Experiments 
with an artificial Eye^ reprefcnting every 
Part, and the Effeds of the natural Eye com-* 
pkatiy. 

40. It now renoains that we fhew the Na* 
tare,. Ufe, and Eiieifts of the moft confidera« 
hie optical In/iruments ; the Principal of whkh 
We the Microscope, and the Telescopb. 
The firft of thcfe are fo calFd from their rc-p 
prefenting Objefts plainly to the View which 
by^ rtafbn of their Smalinefs cannot be dif- 
tinftiy fcen with the naked Eye. And ^ekf- 
icope^ h JVC their Name, from their perfeifting, 
at leaft, improving our Vifion of diftant Ob- 
jects, which appear uhder an Angle too fmall 
to be diftinguifti'd by the Eye alone. 

41. Of Microscopes there are three 
Sorts in Ufe, viz. The fingle^ the dmblej and 
tht fi)lar Microfcope. The Nature of the 
two Firft depends on thefe following Con- 
aerations, "uiz. ( i) That we cannot diftinctly 
fee any Object at a lefs Difiance than fix Inches 

from the Eye. (2) * That the nearer any 
Objed is, the larger is the Angle under which 
it is feen, and the Dimeniions under which 
it appears. (3) Thzt parallel Rays ^ or fach 
as are nearly fo, can only have their Focus at 

the 
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the Bottom of the Eye. And (4.) that any 
Objcdt placed in the Focus of a convex Lens 
* will have the Rays proceeding from it all re-r 
fracted by the Lens parallel to each other. 
(See Fig. 6.) 
Fig.M. 42. Thus fuppofe A B a fmall Object 
placed in the Focus of the little Lens D E, 
and then all the Rays which proceed from 
any Point C in that Objed: will by the Lens 
be thrown parallel upon the Eye F, which 
therefore will produce diftinct Vifion of that 
Point 5 and fince the fame is to be obferved 
of every other Point, *tis evident the whole 
Object will be diftinctly feen by Means of 
the Glafs. 

43 . Suppofe the focal Dijiance C D to 
be one Inch^ then will the Object be feen by 
the Glafs^x Times nearer than it can be with- 
out it, (Art; 4u) therefore it will appear 6 
Times longer and wider -, * and 6 Times 6, 
or 36, Times larger in Surface-, * and 6 
Times 36, or 216 Times larger in Bulk or 
Solidity than it can appear to the naked Eye. 
But if CD be but ^iyof an Inch, the Ob- 
ject will be feep diftindly thro' the Lens 60 
Times nearer than by the Eye alone ; and 
therefore 60 Times larger and wider-, 60 
Times 60, or 3600 Times larger in Surface-, 
and 216000 Times larger in Bulk-, which 
tho* it be a prodigious Power of magnifying, 
yet thefeGlafles are common j and we have 
many of a much fhorter focal Diftance. 

44. A$ 
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44. As to the Double or Compound 
Microscope, theyconfift oitwo^ at leaft, 
but moftly of three Lenfes ; of the firft or 
fmalleft C is placed near the fmall Objedt 
A B, viz. at a little more than its focal Di- 
fiance ; then will a large Image I H be form*d 
of the faid Objedt ; fo much larger than the 
Objedt, as the Diftance C I is greater than 
the Diftance A C ; and this Diftance and 
Image may be made greater or lefs by plac- 
ing the Objedt nearer to or farther from the 
Lens C. All which is evident from (Art. 
17, 18, 19.) 

45. Now this Image may be very diftindt- 
ly view'd by any proper Lens, placed at itsp- ,2. 
focal Diftance from it, which Lens is call'd 
the EycrGlafsi and to^ know how much the 
jObjeft appears magnified by thele two Lenfes 
fuppofe the Diftance of the Image C I to be 
6 Times the Diftance of the Objedt . C A, 
then will the Length I H be 6 Times 
the Length A B, to the naked Eye; but this 
Length of the Image I tj, if view'd by an 
JEye-Glafs oi 2Xi Inch focal Diftance, will ap- 
pear 6 Times as large as it does to the bare 
Eye, (Art. 41, 43.) Therefore the Image 
thus view'd, will appear 6 Times 6, or 36 
Time^ longer than the Objedt A B ; 36 Times 
36, or J 296 Times larger in Surjace^ and 
in Solidity, 36 Times 1 296, or 1 5552 Times 
larger than the Objedt. 

46- 
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46, Bat tho' tht -ittagnifyihg Power of iihis 
Micfofcope be very confideraWe, yet ^ 
Extent or Field of View is very fmaU and 
confined 5 and tfeerefere in order to iniargk 
it, and thereby render it mere HSeBghtM 
lanotiier larger Lens D £ is placed beld^, by 
which the Angle D G E or A C B, nndw 
which the vifible Pirt of the Objeai lie^, 
may be confiderably inlarged ; and the Image 
formed afrefli atFG; which Image F6 
now lies within the two extrieme parallel 
Rays of the Eye^GIafs M F and NO, anA 
is therefore wholly vifiblc : Wliereas before, 
-only the Part Q, which in the firft dotted 
Image is contained between thofe Rays <*oulA 
be fecn. And fo tho' the Otjed be not 
quite fo much magnified, yet dt H magnified 
enough, and the vifiblc Area very much en- 
creafed by the Interpofition of this third Glafi. 

N.B. R S is a plain Mittour to refleift th6 
Light T, for illuminating the Objed: Wheti 
tranfparent. ■ ' * 

47. The Microfcope conftruSed wkh 
three Glares has been executed with great 
:Succefs, mid in many different Forms ; ail 6f 
which have two Parts, viz. one interfuJ^ 
containing the Glafies, and the other e)eter- 
nal, on which the Objed; is placed, and the 

J- 13. ®^^s to illuminate it. Of tbefe I contrived 
a very ufeful one for the Pocket, reprefented 
in Fig. 13. where A B C is the upper Part 
in Wood, Ivory, or Brafs ; containing the 

two 
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two Eyc-Glaflcs, viz. the Glafs D E at C, 

»Td tlie other M N at B ; the Object Lens 

C being contained in the Button H, which 

IS Taifed up and down, and thereby adjufkd 

td iU ^tie Diftance, by Means of the Tube or 

Cafe I9 which Aides in the outward Part or 

CafeCDE: In this there are two Aper^ 

tares, one above where the Obje(^ is placed 

to be view'd in a fmall concave Lens at G. 

The other Aperture is the Hole F below, 

thro' whicli the Beam of Light T comes in, 

snd 18 refle£ted by the Glafs R S to the Ob-^ 

\cQ^ It ibnds on a £rm Bafis £, and an-^ 

fwers all 'the Ends of the largeil: Inflrument 

of this 'Sort, with the utmoft Eafe« 

48. The Sol AH Microscope isdelign'd 
to reprefentvery fmall Objects extremely 
kff^in z dark Room J in the following Man- 
ner-j A B is a Beam of the Sun's Light falling Fig. 14* 
onB9^ooking-X>la& I>C/fo adjufted to a pro* 
pier Inclination by two firafs Wheels, that it 
fhiiU refledt the Ray parallel to the Horizon 
tot la^ge convex Lens EF which converges 
them to a "Focus ^ near which is pkced the 
fJEiiall Objed: G H, and is by that Meanr 
greatly iUatoinated ; then a fmall Ldns I is 
ac^fted by a Screw to a little more than its 
focal Diftance from the Obj^St, by which 
Meabs a very large Image K L is thereby 
form'd on a White Wall or Sheet, on tbe op- 
pofite Side of the darkened Room. 

49- 
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49. The Power of magnifying in this In- 
ftrument is thus computed ; Suppofe the 
fmall Lens I is diftant from the Objedl only 
^'^ofan Inch, when the Image K L is duly 
lorm'd on the Sheet, and fuppofe the Dif- 
tance of the Sheet be 16 Feet from the faid 
Lens ; then in 16 Feet there is 192 Inches^ 
and confequently 1920 Tenths of an Inch \ 
then is the Length of, the Objedt to the 
Length of the Image, as i to 1920, or the 
Objedt is magnified 19^1^0 Times in Diame-^ 
ter, and 1920 Times 1920^ that is J086400 
Times in Surface, n)iz. above three MilUons 
ofl'tmesy and 1920 Times 3 Millions of* 
Times in Solidity. Such is the, .prodigioos 
and almoft incredible Power of magnifying 
in this mod curious optical Machine ! 

50. The Telescope of ihtrefroBing 
Sort is of two different Struftures, mz. One 
of four Lenfes, the other of two. That 

'^' ^^* which has four Lenfes performs itsEfltecfts 
I thus ; Let O B be any diftant Objedl to bd 
view'd, and A D the Objedt-^glafs' of the Tc- 
lefcope, and BQ^the Axis of the Telefcopc. 
Let B I and O M be two Rays proceeding 
from the extreme Parts of the Objedt, and 
they will terminate the Image I M in the 
Focus of the Object Glafs, as is evident from 
Art. 18. and jR^. 7. If a convex Lens 
EF be placed at its focal Diftance.from the 
, Image I M, the Eye will thro' tkat Lens fee 
the Image very diftindly, but in an inverted 

Pofition 
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Jpofidon. {Art. 19.) And therefore the Vifi- • 
on for terreftrial Objedls will be very uhplea- 
lant^ but for the heavenly Bodies, which 
are round, it will do very well ; and in this 
Cafe it is eaird an ajlronomicat tdefcope. 

51. But to view Land-Objeas credl, 
another equally convex Glafs H muft be 
placed behind the former EF, at twice lisFigi 16. 
focal Diflance, that fo the Rays which come 
from the extreme Parts of the Image I and M 
may crofs each other in the Focus G, and 
falling upon the Lens H, may form by that 
Glafs 9ifecond Image at its Focus K, which 

will be eredt, or in the fame Pofition as the 
ObjeA O B, and may be didindly feen by a 
third Lens L of the fame Convexity as the 
two former^ and placed at its focal Diflance 
from the faid fecond Image^ by an Eye at (^ 
in its Focus on the other Side. 

52. Since the Image 1 M, and the Objedt 

B are both contain'd under equal Angles 

1 C M and O C B, they will appear equally 
large to any Eye plac'd at the Objed Glafs C. 
But the Image I M, feen thro* the Glafs E F 
is as much larger than what it appears when 
feen thro* the Lens A D, as the Diftance 
Cl is greater than the Diftance I E (Art. 
41.) And the fecond Image KNmuft necef-^ 
farify bo o^^Che fame Magnitude wi^h the firfl, 
becaufe the Ray IVt F terminates them both 
after Refraction at F ami H, at equal Difiance 
frqm the Axis : And therefore the Imagef 
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K N muft appear thro* the Lens at L, juft 
as large as the Image I M will appear thro"^ 
the firft Lens E F. 

53- Suppofe then the focal Diftance I C 
of the Objedt Lens be 3 Feet or 36 Inches^ 
and the focal Diftance of the Eye-Lens he 2 
Inches j then fince 2 is contained 1 8 Times 
in 36, fuch a Telefcope WxW magnify 18 
Times. If the Eye-Lens were if Inch focal 
Diftance, then if) 36 (24 or it will in this 
Cafe magnify 24 Times. If it were one Inch 
only, the Objedl would be magnified 36 
Times, or appear fo many Times nearer thro' 
the Telefcope than it does to the naked Eye. 

54. There is a Conftrudionof a Tclc- 
Fig. 17. fcope with two Lenfes only to view an Object 
upright. Of thefe the Object-Lens C D is 
a ConveXj as before, but the Eye-Lens G E 
is a Concave. And thus fuppofing A B pa- 
rallel Rays falling on the Lens C D they will 
thereby proceed converging to the Focus of 
• the faid Lens at F^ but if they are intercepted 
by the Concave G E placed at its focal Dif- 
tance from the Point F, then will the Rays 
be refracted thro' it parallel to the Axis, and 
as fuch they will produce diftinct Vifion. Sec 
Art. 21. and 41. 

. ^^. The Image is not actually form'd by 
this Telefcope, and the Object muft appear 
in its true Pofition,^ becaufe there is no crof-^ 
fmg of Rays in their PafTage thro' this Tele- 
fcope. And if the focd^ Diftance of the 

Lenfe^^ 
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l>en(e8 in this ^e the fame as in the other 
Tdcfcopc, the magnifying Power will be the 
fame. But the Misfortune of this Telefcope 
is, that the JF/>/[^ ^/ /^arV'M^ is veryfmalt^ and 
cannot be increased but by diminishing the 
magnifying Pow^r ; and is therefore feldom 
ufcd but in (hort Lengths^ and for viewing 
very near ObjeSiSk 

56. As the two Sides of a convex Lens 
contain an Angle fomewhat in the Manner 
of the two Sides of a Prifm ; it muft follow, 
that as in the Prifm, (o in the Lens, the 
Rays of Light will be refradted in a different 
Manner, and to different Parts of the Axis ; 
-and therefore when the. Image is view'd by 
an Eye^glafs with a very Jhort focal Diftance^ 
it muft appear obJci^Cj indiJiinSi^ and tinged 
with various Colours I this Imperfedion of re- 
fraSing Telcfcopes is in a^ great Meafure re- 
medied by the Invention of reJieSling OneSi, 
The Theory of which, in fhort^ is this. 

56. Let A BCD reprcfent the Tube off/^. tg, 
a rcfleding Telefcope, EF the large re- 
fieAing concave Mirrour, with a Hole H O 
in the Middle of it, placed at the inmoft 
End, and let gbht the fmall Concave plac- 
ed at the other End upon a Foot or Stem, 
by which, and a Screw on the Outfide, it is 
moveable backwards or forwards as Occafi- 
on requires, httab, dcy be two parallel 
Rays of the Sun's Light, falling on the 
peat Speculum, and by it refiedted to its 

£ 2 Focus 
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Focus /, where the Sun's Image will be 
formed in a friiall round Spot. If that by 
Means of the Screw the fmall Mirrour g b 
be moved to a little more than its focal Dif- 
tance from the Image of the Sun zlf^ the 
Rays which go from it to the Speculum g A, 
will by it be refleaed thro' the Hole HO in 
the large one, to a plano-convex Glafs behind 
it IK, which will caufe a fecond and much 
larger Image to be formed in the Part L M 
in the Tube behind ; this fecond Image is 
viewed by the Menifcus Eye- glafs, placed in 
the Part N Q^y parallel Rays pafEng thro' 
a fmall Hole to the Eye at R. 

58. But as thi^is a very complex and in- 
tricate Calculation, I muft refer the Reader 
to my Phikfophia Britannicay for the Method 
of comput'uig the magnifying Power of this 
Inftrument, and (hall here only obferve, that 
it is fo great that a reflcAing Telefcope, whofe 
focal Diftance of the great Mirrour is any 
Number of Inches^ will generally magnify 
as much as a refrading Telefcope which is 
as many Feet in Length. I might alfo here 
obferve, that this Inftrument is as well adapt- 
ed for a Microfcopc as a Telefcope, but this 
is beft fhcwn by Experiment, and that in 
different Ways. 

59. There is a Method of applying either 
the refracting or refledting Telefcope in a 
dark Room for viewing the Spots in the Sun, 
the Eclipfcs of tbeSun^ the beautiful Colours 
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oftbeChuds, &x. ficc. But for this Purpofe 
the Refra£ter is beil, and may be properly 
cail'd the SQlar-Tekfcope. This Ulcewi^ wc ' 

■ ifaew IB Ml thefe 'Giies't^ Bxperiments in 

'the Camera O^fcifra. ^ . „ i 
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Section III. 

l^e Nature and Properties (?/Air explain* di 
the artificial Produftion of Air j of the 
Transparency, Elasticity, and 
Gravity of the Air 3 of Barometers, 
Thermometers, tf»^/ Hygrometers} 
/^^ Conftruction and Ufe g/'tf New Por- 
table AiR^PuMP ; a feleSi Number of 
principal Epcperimenit^^tbereony to illuftr^te 
the Qualities andppA ijfiife Air. 

I.Tr*H^Bufinfcf»of thfe Section will be 
^ to difcourfe of the Nature^ Origin^ 
?nd Properties of Air ; and the Defcriptioa 
and Ufe of thofe Injlruments and Machines 
by which they are demonftrated in a Courfi 
of Experiment Sy according to the modern 
Improvements and Difcoveries, 

2. The Nature of Air confifts in the 
following Particulars, ( i .) Extreme Suitilt/ 
or Smalfnefs of its Particles. (2.) The In-r 
vifebility of its Parts, and the T^ranfparencf 
thcppe^rifing, (3) \\,% Springinefs 01 Ela^ 



tt> the Newtonian PHiLosoPHr. 55 

fttcity. (4) Its Weighty or Gravity. (5.) 
The Vivifying Spirit it contains, fo neceuary 
to the Life of Animals^ Vegetation^ &cc. 

3, As to the firft Property of Air, which 
confifts in the extreme Minutenefs or SmalV^ 
nefi of its Particles, I obferv'd in the firft 
Sect. (Art. 32.) that this was a neceffary 
Confequence of the Manner in which it was 
generated, vix. by a gentle imperceptible 
Feroaentation in ail Bodies, which again pro- 
ceeds from their natural Warmth or fleat^ 
which arifes wholly from the A£tion of Light 
imbibed by Bodies, (Se5l. IL Art. 5.) by 
which their. Parts are put into an inieftlne 
Motion J and thofe on the Surface be* 
ing conftantly agitated, are by degrees thrown 
out of, or beyond the Sphere of corpufcular 
AttrdSliony and then immediately repell'd 
from the Body in an Efflux or Effluvium of 
Particles too fmall to be vifible to the Eye. 

4. But in Order to fliew that this is the^. ^ 
true and real Method in which Air is gene- 
rated from Bodies, and at the fame Time to 
render it vifible to the Eye, the following 
Experiment has been contrived. A B C is 
a Glafs Tube of a confiderable Length and 
Diameter, with a very fmall Hole at the 
lower End at B. When this Tube is filPd 
full with Water, and ftop'd clofe on the 
Top with the Thumb, the Water will not 
run out at the whole B,«beir)g there fupported 
by the Preffure of the external Air, which is 

E 4 greater 
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greater upward than the Preffure or Weight 
of the Water downwards. But if the Thumb 
be lifted up, it runs out ^ the Preffure of the 
^ir being then at Top and Bottom eqiral. 

5. If now the Tube be fill*d with Water, 
rencjer'd acid by a little ^qua-fortis^ and a 
Piec? of Chalk D put ipto it j the Chalk be- 
ing an Alkali^ will ferment with the acid 
MixturCjj and thereby generate a very large 
Quantity qf Air, which will be fecn toxife 
thro* the l^iquor to the Top df the Tube, 
(which is now clofe ftop'd with a Cork, as 
fhewn in Fig. 1.) in innumerable Bubbles, 
wh'ich breaking above the Surface EF, will 
|t)ecoqie one uniform eladic Body of Air y which 
by its Spring will prcfs upon the Fluid be- 
low and force it all by degrees thfo^ the 
fmall Hole at the Bottom B. ' ' 

6. Now fince the Tube is 'at firff wholly 
fiird with the Fluid, and the Air that is ge- 
nerated, forces it all out in Oppofition to the 
Preffure of thp outward Air, it plainly ap- 
pears, th^at the Spring of this new generated 
Airy is greater tloan the S^ri?7g of the common 
Air, and is in every Refpeft of the finie Na^ 
ture with it^ And from hence it appears how 
the corainon Air is generated from all other 
Bodies by ^ like Fermentation, tho' not per- 
ceptible to the Eye, as it here is by means 
of the denfer Medium of the Liquor. 

7. From this Experiment we learn, that 
Air^ in irs n?ituial State is fiy^A^ and makes 
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^ Part of the common Subftance of Bodies, 
and is a kind of natural Cement ^ winch binds 
the Parts of Matter together ^^ becaufe we 
obferve, that as faft as the fix'd Air is dif<* 
charged and fet at Liberty, the Particles of 
the Body lofe their natural Cohefion, and fall 
off in the Form of a fine Powder or Duft to 
ifhe 'Bottom, and fo far the Body becomes 
^ifiblved $ and the (ame may be obferved ia 
the commoo Solution of all other Bodies, in 
every forjt of diffolving Menjlruutn. 

S. And what is very ob^vable farther in 
this Experiment is, that t\i\% artificial Air^ 
in its natural fix'd State makes a great Part 
of the Subftan(:e of Bodies. For if we allow 
^ of a Grain for the Weight of a Cubic Inch 
of' Air in its elajiic State^ (as will hereafter 
appear to be the Cafe) then by this Experi*- 
ment tried in a very large Tube, jt will be 
found, that the Air thus produced, . will 
amount to a very large Propprtion , of the 
Weight of Bodies thus diiTolved. And thus 
particularly the Stone in the human Blddder^ 
has been found to yield fo much Air, as has 
amounted to more than half its Weight. 

9. From hence may be deduced the Con- F/j. u 
trivancc of an artificial Air-Gun^ or Pijiol in 
Glafs, as AB C E F, confifting of a Body 
G C H, and a Barrel, ABE F, fomewhat 
like a Retort : Jf the Body be fiU'd, the great- 
eft Part, with the before-mentiqn'd acid Mix- 
ture, and a Piece of Chalk D put into it ; 

and 



j^ AFldn and Familiar Intndugtim 

txA then it be ch^ged with a fmall Piece of 
Cwk with Lead in it, as B E, the Fermen- 
taticm will produce fo much elajiic j$ir above 
the Surface of the Liquor G H, as at laft % 
(hall e%pel the BoUet B E with a prodigious 
Force, like that of Gunpowder, to a very 
great Diftance K. 

lOi From thi& Experiment alfo we learn 
the Reafon why, in bottled Beer, Ale, Syder^ 
&G. the Corks often fly, and the Bottles 
burft, vix^ with the elaftic Air generated by 
a flow Fermentation in thofe LiqUorS» Alfo 
the Reafon of thofe Eructations of Wind 
from the Stomach ; of Flatukrtcits and cho*- 
licky Diforders in the Bowels, which are all 
mothing more than the Air generated by Fer* 
mentation, arifing from the Mixture of what 
we eat and drink, with the natural Juices of 
the Body. 

! i^ The Invisieility of the Particles 
of Air, is the Oaufe of its "Tranfparency i 
aiid thi^ a neceii&ry Quality, inafmuch as w6 
could not have been able to have difcem*d 
Obje£U thro' it with any degree of Clear- 
nefs and Biftindtion, had it been in any 
Meafure opaque» This appears by viewing 
Objed;s thro' Telefcopes of a large magnify^ 
ing Power, which at the fame Time . mag«i 
inify the Particles or Body of Air, and caufe 
Objedts feen thro' it to appear very mifty 
and confufed. Hence alfo it appears, that 

the 



ikt ^4r thus magnify*d^ fets Bounds to the 
loiprovecnent of Telcfcopcs. 

12. The Body of Air^ confider'd as * 
Sphere of elaftic Vapours, fublimed from 
Bodies, extends or expands itfilf to a very, 
great Diftance or Height from the Earth every 
way ; and is every where of a different de- 
<ir6afing Denfity. F6r the Air being every 
where comprefs'd with the Weight of the 
fuper^incambent Air, muft have its Denfity 
proportional to that Preffure ; and therefore 
decreafing upwards in the fanie Ratio as the 
Air's Height, Gravity, or Preffure decreafes. 

13. Were the Denfity of the Air every ^^. 3- 
where the fanfie, it would bfe very eafy tof 
determine its Height by the following Expe- 
riment. A B C D is a Vial fiH'd with Water 

to the Height E F, in which is inimcrfed a 
Glafs Tube I G, opeh at both Ends, and ce- 
mented to the Vial at AD, to cut off the 
Communication of Air. Thi^ done, a little 
Air is blown thro' the Tube, which mixing 
With the Air in the Part A E F D, will con- 
denfe it, and of courfc encreafe its Spring or 
Preffure $ this will raife a Column of Water 
into the Tube to the Height H, fuch that 
its Weight, together with the Weight of the 
Column of Air above it, be equal to the Spring 
of the included Air ; ind then ah Equili-^^ 
brium between them will enfue. 

14. If now the Vial, thus prepared, be 
eai;ried up any high Place, as a Tower , Hill^ 

&c. 



6o A Plain and Familiar Introdu^M\ 

(foc. it will be feen, that for every y-z F«ct 
you advance, the Surface H will ri[t ju/i one 
Inch in the Tube. Now fince this one Inch 
of Water rifes to connipenfate the Deficiency 
o^.Preflure in the Column of Air over it, now 
(horten'd 72 Feet, and iince (as we (ball 
make appear hereafter) the whole Weight 
of the Air will raife a Column of Water 32 
Feet, or 384 Inches, 'tis evident if we muU 
tiply 384 by 72, it will give the Number 
of Feet (viz. 27648) which would ia(Qgn 
the Height of the Atmofphere uniformly 
denfe, which is about 5 ^ Miles. 

1 5. This Experiment alfo moft accurately 
«£Bgns the comparative Gravities of Air and 
Water \ for iince it appears, that one Inch of 
Water countervails 72 Feet, or 864 Inches 
of Water, and the Gravities of Fluids ading 
againft each other are inverfely as their Al- 
titudes, (as it hereafter appears) it follows^ 
that the Denfity of Air is to that of IFater^ 
as I to "66/^ prectfely 

1 6. This InftrumenC alfo prefents us with 
one of the moft eafy and perfedt extempora- 
neous Thermometers that can be contrived. 
For fince the Column of Water G H is fup* 
ported by the very yielding and tender Spring 
of the included Air preffing upon the Sur- 
face E F, it will rife and fall with the leafl 
Expanfion or ContraBion of that Body of Air 
by Heat and Cold. Thus if the Hand be ap- 
plied to the Vial, it will rife fevcrallnches $ 
'" . and 
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aftcl if it be immerfed in cold ^/ifr;it will 
defcend thro' many more. Thus alfi?- k is 
fitted for difcovering ihtfmall Differences of 
Heat and Cold in diflFerent Rooms of a 
Houfe« Thus alfo it is applicable to Stoves^ 
Hot'-HoufeSy Hot-Beds^ &c. 

17. But, as I faid, it is fit only for extern- 
porary or prefent Vfe 5 becaufe the upper 
Surface H being prefs'd with the Air above 
it, if the Gravity of the Air be altered, it will 
rife and fall by that Means, tho* we fuppofc 
the Warmth of the Room to remain the 
fame all the while. And therefore it cannot 
be depended upon as a thermometer^ for any 
long. Time together. 

18. And as the Heat and Cold ef Air is 
the Bafis of the curious and ufeful Invention 
of thermometers^ which are Inftruments to 
meafure the various Degrees thereof, I (hall 
explain in a few Words the Nature and Ufe 
of them. It is well known, that all Bodies, 
whether^/V orfoHd^ expand with Heat^ and 
contrast with Cold^ and therefore may be 
made ufe of for this Purpofe. But Fluids 
are the moft proper Subject ; and amongft 
them SpiritSy Oil, and Mercury have the 
Preference, but efpecially the latter, on the 
following Accounts, (i) Mercury Aot% uot 
filth or foul the Tube in which it is contained, 
as tinged Spirits and Oil do. (2.) It ex- 
pands and contracts much more fpeedily. 
than cither of the other (3.) It is fufirejf*- 

tible 



tible of ¥aftly greater Degrees of Heat an^ 
Cold^ than any other Fluid whatfoever. 
%*4. 19. The mercurial Thermometer \s a fine 

capillary Tube A B, with a round or oblong 
Bulb B C, fill'd with Mercury to a proper 
Height as F. Here, fince the Bore qf the 
Tube is exceeding fniall, the Motion of the 
Mercury up and down in it, by the ieaft Ex- 
panfion or Contraction of that in the Bulb, 
will be very fcnfible ; and a Scale of equal 
Parts D E, being placed by it, the various 
Degrees of Heat and Cold will be eafily 
difcern'd and compared by the Nunibers in 
the Scale, againft which the Point F (hall at 
any Time ftand. 

20. Since Heat and Cold are only relative 
Terms or Ideas, there is a common Standard 
or Boundary to which they muft be referr'd^ 
and from whence their Quantity on each 
Side muft be e(lin>ated, by the Parts of the 
Scale afiix'd to it And this common^ Liaiit 
of Heat and Cold can be no other, with rc- 
fpe<5l to us, than that particular Degree oc 
temperature of the Air when we fay, it is 
neither warm nor cold i or that which is equal 
to the natural Warmth of the external Part 
of the Bodv. 

21. Now from thk Point of Te^erature, 
the Divifions of the Scale ought to begin, as 
in the Figure, and to be continued both 
Ways ; and then the various Degrees of Heat 
may be compared, as to their Exceifes or 

Diflfe- 
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DifFereaces from that of Temperature, v^ 
eaiily^ thus : If any Degree of Heat h% fiiall 
raife the Mercury i o Parts, and another !>&• 
gree B^ raife it 20, and a Third Degree C, 
raife it 30, then will tbefe Numbers 10, 201^ 
and 30, or I, 2, 3> undoubtedly exprefs the 
Ratio's of the Intenfities of thofe Degrees 
of Heat, or the Senfations we have of their 
EflFeas. - 

22, Thus, on the other Hand, we may 
judge of the various Degrees of Cold, or ra-^ 
ther of thofe Degrees of Warmth which are 
lefs than temperate^ or that of the Hand. If it 
freeze when the Mercury is i o Degrees be- 
low temperate, it will ht twice as cold when 
it ftands 20 Degrees below, and fo on. Tho' 
this be a Method fufHcient for one's own 
private Ufe, yet when it is neceffary to com^ 
municate one's Obfervations of this Kind, to 
others who make the fame at a Diftance, 
and upon different thermometers^ there ought 
to be one common Number of Parts agreed 
upon between tnoofucb Points as are conjiant 
in all Thermometers > and it is found, that 
none are more fo than the Points oi freezing 
and boiling Water. 

23. This being confider'd, and the Learned 
having generally a Regard to Farenbeifs 
Scak^ in which the freezing Point is at 32^ 
and tJiat of boiling Water 2 1 2, fo that be- 
tween them there is 1 80 ; if then the fame 
Number s8o be reckon^'d between the fame 

two 
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two Points in any other Scale^ they may all 
be compared with this, and confequently 
with one another. Or thus, by the Rule of 
Tiree: Suppofc the Thermdmeter in the 
Figure contains 80 Degrees between thoie 
two Points, and that any particular Heat 
raifes the Quickfilver to 20 dhovt freezings 
then fay, as 80 : 20 : : 1 80 : 45 i to 45 add 
, 32, and the Sum is 77, which is the Num* 
ber to which the Mercury ftands in Fareti" 
beifs Scale. 

24. The Air has another Quality, ^iz. of 
various Degrees of Moifiure and DrynefSy as 
it is always more or lefs replete with aqueous 
Particles or watry Vapours ; and fincc the 
human Frame is thereby very much afi^ded 
in regard to Health, it has occafion'd the 
Contrivance of various Inftruments calPd 
Hygrometers, for meafuring the D^rtes 
thereof, of which I have elfe where given a 
large Account* But I (hall defcribe one of 
a late Invention, which feems well calculated 
to anfwer this Purpofe. It has been obierv'd^ 
that Boards fwell and contract very^ much 
^idtih^ways^ by the Moifture and Drynefs of 
the Air ; and from thence it was inferred, if 
a Board was faw'd acrofs the Grain into fe-^ 
veral Pieces about an Inch wide, and theft! 
Pieces all glued together at their Ends, they 
would make one long Slip that would admit 
of a confiderablc Degree of Expanfion and 

Con« 
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Contra&ion in Length, fuch as reprefented 
by A B in the Figure. 

25. If this Piece be fix'd in an upright 
Pofition, with a Cord D £ going over a move*- 
able Pplly C, carrying an Index I over thc^'i^- 5- 
graduating Limb of a Quadrant G H, and 
tended with a weight F, it is evident, that 

as the piece A B extends in Length by the 
Moifture entering the Pores of it, the Index 
Hiuft go forwards 3 and as it contracts with 
Drynei^, the Index will move backwards, 
aad thereby nieafure the various Degrees of 
thefe Qualities of the Air. The Piece fhould 
be firft. put up as dry as pofiibie, and the 
Index then fet to the Beginning of the Dc- 
gi-qss^ at Cy and tben the feveral Degrees of 
Moi^ure will afterwards move it from thence 
towards H. But this Piece of Wood is ap-. 
piicable to greater Perfedion in an Inftru- 
ment caird the Pyrometer^ to be hercaftcj: 
defcribed. 

26. The Air is alfo a very heavy or pon- 
derous Body ; for its Parts, tho' fmall, gra- 
vitate in this their feparate State, as much as 
when fix'd in Bodies, by Virtue of the Earth's 
Atcra6iaa. And therefore, like all other 
Bodies, the jiir gravitates in proportion to 
iU ^iumtity of Matter. 

ay. But as was obferv'd in the firft Sec- 
tion, the Air confifts of very different Kinds 
of Matter, which m^kes it fometimes lighter ^ 
fospctifnc$ ieavi^ry according to its CQnfti- 

F tuent 
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tuent Matter. Thus when the Air abounds 
with aqueous Parts, it will become much 
lighter than when it confifts of Particles de- 
rived from dry, folid, heavy Bodies, wbicb 
makes the dry eft, fineft, and heavieji Air. 
The Reafon of this has been fhewn.in SeSl. I. 
Art. 35. Pig. 8. 

28. As the Air is by Nature appointed 
the neceflary Means of Refpiration > and as 
an elaftic heavy Air is of much more Force 
to expand the Lungs j and to impregnate the 
Blood with its enlivening Spirit, than the Air 
which is weaker and lighter, it imports us 
greatly to be well acquainted with the Air's 
Gravity, and the Alterations it continually 
undergoes in that refpedt, efpecially . too, as 
it muft neceftarily have a Relation to the 
State of the Weather, and all its Fariafians, 
of which it is in a, great Meafure the Caufe 
{Sec Se&. I. Art. 36) I fay, upon thefe Ac- 
counts, it is no Wonder if ingenious Men 
have long been in the Purfuit of the moft eafy 
and expreflive Methods and Inftruments to 
indicate this Affair.. 

29. And various have been their Inven- 
tions for this Purpofe; and Barombters 
have been multiplied in numerqus dijflFereDt 
Forms. But after having examined them 
all, I am firmly perfuaded there is none that 
comes up to that which was firft of all in- 
vented, either for Eqfinefs of StruSiure, Sim* 
plicity oj Parts, and Accuratenefs qfUJe-, 

and 
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and is made in the following Manner. A B 
is a Glafs Tube about 33 or 34 Inches long, 
and whofe Bore is about -j of an Inch Dia- 
meter. It is hermetically clqfed at the End 
A, 'and at the open End B, it is fiU'd quite % ^' 
full of very clean, pure Mercury ;then whilft 
it is thus full, it is inverted, with the End B 
ftop'd, into a wide Bafon of Mercury E CDF; 
and then the End B being unftop'd, the Mer- 
cury will fubfide from the Top A, and ftand 
at a certain Height B I in the Tube. 

30. By this Means the Space above the 
Mercury A I is l^ft devoid of Air, or a Va^ 
cuumi znd the Column of Mercury in the 
Tube B I, is fuftain!d folely by the Gravity 
of the Air, or its Preflure on the Mercury in 
the Bafon, which arifes from thence ; as evi- 
dently appears from an Experiment of taking 
the Air away by the Pump, and in propor- 
tion as it is exhaufted, the Mercury will fink 
towards the Bottom. This^ Column of Mer- 
cury therefore ^ is an Equipoife to a Column of 
Air of the fame Bafe and Height of the At-^ 
mojpberey and of courfe the Weight of both 
muft be the fame. 

31.- Therefore whenever the Gravity of 
the Air (haU alter ^ the Column B I will alfo 
alter its Height^ and fo when the Air be- 
comes heavier y it will rife higher ^ and as the 
Air becomes lighter,' it will fink lower: And 
it is found by Experience, that when lighted 
of all, it finks not much below the Height 

F2 ^ of 
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of 28 inches^ and when bedvieftj it'rifo 
not higher than 31 Inches ; and it very rarelj^ 
comes 10 either of thcfe ExtremeSj thte tnean 
Height being nearly 29 Inches. All which 
is eafily obferved by a Scale of Inches applied 
to the Tube, as is reprcfented in the Pigdre, 

32. If the Tube AB were of a fquilit 
Form, and joft a Jquare Inch Area io tfat 
Bore, the Mercury would rife to the fame 
Height, at a Mean, 29 Inches;, fo that iB 
fuch a Tube, there would be 29 cubic Inches 
of Mercury; and eveiy fuch ciaWc. lech 
weighs 8 ^oz. Avoirdupois; therefore thfr 
Weight of fuch a Columil of Mefrc«ry, and 
confequcntly of a Coltinln of An: of tfte Antt 
Bafe, wilVbe equal to about 141b. Wei^i 
and fo upon tvtiy fquate Footy it wtli Ifc 14 
Times 144, or 20 16 lb. and fome what fitore> 
, and if we allow about 144- iqtiare Feettipoh 
the Surface of a middle-fiz'd Maa^ it will 
follow, that fuch a Man fuftwtis a PreiSire 
of Air equal to 2016 Times 14^. lb. or 
nearly 30000 lb. which is nearly i^ToiWr 

3 3 • The Reafon why we are -not feiittk 
of fo very great a PreiTure, is bixMffe oar 
Bodies are fill'd with Air throughdut, and 
the Spring of the internal Air. is^every wi6f 
equal to the Preifure; and therefore eveiy 
Part of the Body being aded upon hy a Fofcc 
on every Side equal, it cannot ht fenfible irf 
any Force at all, either of Spring or Preflbrc; 
but if one of thofe Forces be fufpendcdin 

au/ 
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aiiy fmall Degree, the other becomes imme- 
diately very fenfible, as we (hew by an Ex- 
periment on the Pump to explain the Na- 
ture ^4jupping. 

34. Hence lince the Difference between 
the leaft and greateft Height of the Qnick- 
lilver in the Tube, is 3 Inches, it follows, 
that wfeen the Air isheavieft, we fuftain a Pref- 
fure of more than a tenth Part of the whole 
greater than when it is lightefl*, which is 
more than a Ton Weight. And therefore 
it is cafy t© fee the Reafon why z light Air 
affedls a/ihmaiic Pecpky and other Valetudi- . 
narians^ in fo^ery fenfible a Manner, as we 
iind by Experience it always does. The air 
when fo light, not having the Force to ex^ 

pand the Lmgs^ to irace the Fibres y to pro^ 
mote the Circulation^ to open ObJiruBiom, and 
producer free Perfpiration^ as when it has 
a greater Weight and Ela/iicity. 

35, We are by this Inftrument moreover' 
enabled to prediftthe Alteration of Weather^ 
for when we fee the Mercury falling, we 
know the Air is lighter ; we know by that 
it muft be fiird with aqueous Particles r^ we 
know alfo from thence that Clouds, Storms^ 
Rain and Wind muft enfue 4 and the con- 
trary. And hence the great U/e^ 3^a, Necejjity 
of thefe Inftruments to all who are any way 
concerned with the different State and Ahe-^ 
ration of the Weather^ And it is not difficult 

for 
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for every one to find that he is more or lc6 
afFefted by it. 

36. Thefe are the different Inftruments 
that indicate the various Qualities of the Air, 
But the Grand Machine of all, by which 
the feveral Properties of Air are in a moft 
wonderful and entertaining Manner rendcr'd 
fenfible to us, is the Air Pump. This Ma- 
chine has undergone various Forms and 
Changes fince its firft Invention by Otto 
Guericy a. Germany by Boyle ^ Haukejby^ 
Davenport y &c. But as I have contrived one 
different from them all, far more concife and 
eafy to be ufed, I (hall here give a Defcrip- 
tion of it, as follows! A B is the Frame or 
Head, in which is contained a Wheel, which 
^f'S' 7- by Means of Chains on each Side, moves 
the two Piftons C, D, up and down alter- 
nately in the Brafs Barrels E F, which. ve 
ftrongly fcrew'd down on the two Pillars 
G H, fix'd in the Bed or Bottom Part I K.- 
On this Part in the Middle is let in a large 
fmooth Brafs Plate, with a Hole in the Mid- 
dle, upon which Plate the Receiver M N is 
placed. From this Hole under the Re- 
ceiver there is a Perforation or Canal thro' 
the Brafs to the fore Part O, where there is 
adapted a Screw to let the Air into the Re- 
ceiver when drawn out. 

37. From the above-mention'd Canal, 
there is alfo a Perforation through the Brafs 
to the Center of the Bafis of each Barrel, 

in 



ite /i&^ Newtonian Philosophy. 71 

111 which Center (here are fix*d Valves open- 
ing upwards to give Paflage for the Air in- 
to the Barrels ; and in each Pifton there is 
another Valve opening upwards alfo, that 
the Air how in the lower Part of the Barrel 
may efcape that way out into the common 
Air Hence the Rationale of Working in 
this Pump muft be very plain. 

38. For each Pifton, being nicely fitted to 
the JBarrel, and working in Leather and Oil, 
IS very jiir-tight ; and therefore when lifted 
from the bottom' of the Barrel, the Column 
of Air above is lifted up, or off from the 
Valve, and the little remaining Air in the 
Barrel below being thus greatly rarified, it's 
Spring is but weak, and therefore the Air 
from the Receiver muft neceflarily rufh in 
through the Valve to make the Air in the 
Barrel of the. fame Denfity as the common 
Air. Then when the Pifton is forced down 
the Air below can't go back, but will readily 
rufli upwards thro' thd Valve in the Pifton. 
And thus each ftroke of the Piftons dimi- 
nifhes the Air in the Receiver till the whole 
be nearly exhaufted. 

39. On the Middle between the two Bar- 
rels there is a Hole in the Brafs communi- 
cating with the Receiver, and over this Hole 
is placed a fmall Receiver P Q, and under 
it a fmall Bafon R with Mercury, in which 
a fmall Tube.RS, fealed at the End S, 
and fill'd with Mercury, is inverted. And 
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as the Air is tdkcn out oF this iihall Recet* 
vcr at the fame time as the large one is ex** 
haufted, the Approach towards a FacUum 
will be clearly fecn by the gradual DefcenC 
of the Mercury out of the Tube into the 
Bafon. And fuch is the Structure and Forni 
of an Air Pump, that contains no Parts but 
what are ejfential, and therefore cannot tfrf- 
mit of farther Improvement. 

40. I fhall now proceed to give an Ac* 
count of the capital Experiments which arc 
fhewn upon it; and firft, a fmaii Glais is 
inverted over the Hole of the. Plate, and the 
Air within exhaufted ; it is then prefs'd very 
faft to the Plate by the Weight of the in- 
cumbent Air, and requires a great Force to 
pull it up. 

4 1 . That this is not owing to any thing 
within the Glafs, drawing it down thro' the 
Hole, and which is commonly call'd ^SHon^ 
is thus proved y let the Glafs be fet inverted 
on one Side the Hote, and covered with a 
Receiver 5 then upon exhaulting the Air 
will get out of the fmall Glafs by its fpring; 
when the Air is let in again, it will fall up- 
on the fmall Glafs, and prefs it down as faft 
as before. 

42. The Manner in which Jthe Air dif- 
charges itfe-f from any Body, is (hewn by a 
large empty Glafs Bubble with a Neck im- 
merfed in a Glafs of Water; and then co- 
ver'd with a Receiver. Upon exhaufting the 

Air 



Air Ivlil W (tdtl t& throw itfelf out through 
tftfc Wlit*r ih A J>teafknt Msinner, and upon 
I\6ftiAg the Ait in agiin, it will fall on the 
Witt*fr 0fid force it into the Bubble, fo th« 
^c fetftttiniug Air l6 now comptcifs'd into 2 
v«y finiiU SpAtt it the Top. 

43. Then td ftiew the Fbrce tftbe j^tYs 
Spring is ^al tb that df its Preffure^ this 
Olafs Bubbte of Water and Air is placed un- 
der the Recetvtfr upon an etnpty (51afs ; and 
upon exhaufting the Air, the Air Bubble 
ab6*fc the Water will dicpand itfelf by de- 
gftfes^hii force oilt all the Water, which 
was drivfeft itito it by the Air's PrelTure. 

44. In like Manner, thete is a Bubble of 
Air cdrrtained ih the great End of an Egg, 
betwixt the Skin and the Shell ; if therefore 
a Mote be made in the little Ehd, and the 
Egg pfeced on a Glafs under the Receiver, 
it will appear, that upon pumping, the Air 
Will cfrpand itfelf fo far as to drive out all 
the Gbntents of the Egg thro' the Hole in 
the little End. 

45. And by taking off half the Shell, put- 
ting the Remainder under the Receiver, and 
^sdbauftiflg the Air, the Air that is contained 
imder the Skin (or Putamen) will faife it up 
and protrude it fometimes fo far out as to 
rofcmble an entire lEgg. 

46* If ah Egg be put into a fmall Jar 
of Water, and covered with the Recipient, 
lljppft eichftulling you will fee l!he Air in a 

very 
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very beautiful Manner rife in little Jets or 
Streams through the Water from the Pores 
of the Egg; which fliews how the Air by 
the natural Heat of the Weather gradually 
cfcapes from the Egg, by which Means it 
becomes by degrees J?^/?, putrid^ and addle\ 
and therefore to preferve Eggs good for a 
long Time, the beft way is to varnifti them 
oyer with a hard Varnifh, which will glue 
up the Pores and prevent the Air in the 
Egg making its Efcape. 

47. If a (hriveird Apple be placed under 
the Receiver, and the Air exhaufled^ the 
Air contained in the Apple will expand it- 
felf and the Apple, and thereby caufe the 
Wrinkles to difappear, and the Apple will 
now appear plump and fair as when firft 
gathered nearly. Upon letting in the Air, 
the Apple becomes again (hriveird, and 
morefo than at firfl. 

48. If fuch an Apple be prick'd full of 
Holes with a Pin, and put into the Jar of 
Water under the Receiver, and the Air ex- 
haufted, then great Numbers of fine "Jets 
of Air will be feen to rife from the Apple 
through the Water, as before in the Egg j. 
which will all difappear by letting the Air 
in again. 

49. If a Jar of clear Water be placed un- 
der the Receiver and the Air exhauiled, the 
Bubbles of Air contained in the Water, will, 
now begin to expand themfelves, knd arife 

in 
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in great Plenty from all Parts of the Water, 
and in a very vifible Manner. 

50. If a Jar of new Beer or Ale be placed 
under the Receiver, upon exhaufting, the 
Air in the Beer will rife in a very copious 
Manner from all Parts, and expand into in- ^ 
numerable Bubbles, which as they are lined 
with the vifcid Particles of the Beer, will 
be thereby prevented from burfting, as they 
do in Water, and by this Means they will 
appear in the Form of a large frothy Head 
to the Top of the Glafs. 

51. Jf fome very hot Water be put into 
a Glafs Jar or Vial, and plac'd under the 
Receiver when the Air is fufficiently drawn 
out, the Heat will caufe the Air in the Wa- 
ter to expand itfelfinto fuch large Volumes 
or Bubbles, and with fo much Violence, 
as will put the Water into a great Agitation, 
and produce the Appearance of Boiling to a 
furprizing Degree. A much lefs Degree of 
Heat being now fufficient for that Purpofe, 
than when it is under the Compreffion of 
the Atmofphere, over the Fire. 

52. If a Piece of Wood of any Sort be 
fix'd to a Weight, and immerfed in a Jar of 
Water under the Receiver, then upon ex- 
haufting, the Air contained in the Pores of 
the Wood will be feen to arife from it in fo 
great a Quantity and fuch fine Streams, as 
nearly refcmblcs the Smoke from a Chim- 

53- If 
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53. If a long Piece of Wood* he fh^& 
with Leathers to the Top of an open Kc* 
ceiver, fo that one Part be out, and the other 
in the Receiver, and immerfed in a Glafs of 
Water 5 then putting your Thumb upon the 
Top of the Wood to (hut oilF the Air, be- 
gin to exhauft, and the Air contained in the 
Pores will be feen to rufla thro' the Water ae 
before 5 but now lift up your Thumb, and 
you'll fee a vaft Quantity of Air flow thro* 
all the Length of thfe'Wood from without. 
And by lifting the Thumb off and on, fcvc- 
ral Times, the Influx of Air will as often 
ajppear and be as often interrupted. And by 
this Experiment it appears, that there are n^ 
lateral Pores in the Wood by which the 
Air can enter into the Receiver. 

54. Again, fitting a Piece of Wood with 
Cement into one End of a Brafs Ferril, and 
placing it with Leathers on the Top of the 
fame Receiver, fill the upper and open Part 
of the Ferril with Mercury, then exhauft 
the Air from within, and the Air preffing 
on the Mercury without will force it thro* 
the Pores of the Wood in fuch fine Streams 
as will reprefent a beautiful Shower of Mer^ 
cury in the Receiver. 

^l. Let a Piece of Wood be cut (mooth 
at each End, and immerfed in a fmall Baibn 
of Mercury under the Receiver, upon ex- 
hauft ing, the Air will all fly out of the Pores 
thro' the Mercury, and letting the Air in 

again. 
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agaia it wlU fall with ici muph Fofce upoa^ 
the Mercury as to injed it thro* all the Pores 
of the Wood fo very nicely, that the Wood 
will now appear quite blue^ and be much 
beiavier tban before. 

56. If a Bladder nearly emptied of Air, 
and fkft tied, be put under the Receiver and 
the Air extraded ; the fmall Quantity of 
Air remaininig in the Bladder will expand it 
by Degrees, and at laft £11 the whole to its 
utmoi^ Dimeniions. And indeed the imall* 
eft Quantity of Air will fill the largeft Space 
byBxpanfion* 

. ^y. If the Hand be laid upon the Top 
of an open Receiver, as the Air is exhaufting^ 
you will obferve and very fenfibly feel the 
Spring of the Air in the Hand, forcing the 
Flefli down into the Glafs ; alio the Weight 
of the Air on the Back of the Hand wilf 
haVe a vifible Effect in preffing down the 
Sk-in and Fleih between the metacarpal 
Bones. This £xperiment fuU ei^plains the 
Nait we of Cupping. 

58. The We^ht of the Air is more di- 
ve&Xy fhcwn^ and its Quantity eiflimated, 
by weighifljg it in a Ballamce as we do other 
Bodies. Thus a "Florence Flafk with a 
Valve fitted on the Top is exhaufled under 
the Receiver^ and while thus empty, it is 
cqoip©ifed with Weights in a fine Hydrojfta- 
tie Ballance ^ then lifting up the Valve, the 
Air re-enters the Flask, and by its Weight 
' carries 
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carries it down ; then the Number of GraiilJ 
put into the other Scale to reftore. the Equi-^ 
librium is the Weight of that Air which 
fills the Bottle. And this I find to be near- 
ly Eight Grains for a Pinfy or a Dram for 
a Gallon^ or an Ounce Troy for a Bujhel. 

59. To (hew the great Force of Cotti-^ 
preflion, I take two hollow BrafsHemif^ 
pheres of 4 Inches Diameter, which contain 
a circular Area of 1 2f fquare Inches ; thefe 
being properly put together and exhauiled ^ 
will require the Forceof twojirong Mento pull 
themafunder; or 180 lb. to feparate them 
on the Steel Yard ; which is about 1 5 lb. to 
2l fquare Inch (See Art 32.) 

60. The Air is the Medium that propa- 
gates Sounds as appears by placing a Bell un- 
der the Receiver; forthen when it is rung, you 
fcarcely hear the Sound, even tho' the Re- 
ceiver be not exhaufted ; but when the Air 
is drawn out, you can hear no Sound at all. 
Sound confifting in nothing more than a 
puljive Motion of the Air, excited by the 
Tremours of the founding Body, and ftrik- 
ing upon the Drum of the Ear puts the 
internal Air into Motion upon the Expan- 
fion of the auditory Nerve^ by which Means 
the Ideds of Sound are raifed in the Mind. 

6 1. The Air is alfo neceflary for Hr^and 
Flame I fince a Candle, live Coal, Gfc, in- 
ftantly go put under the exhaufted Receiver. 
Alfo Gun-Powder will not explgde or flafh in 

Vacuo^ 
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Vacuo J nor any Sparks of Fire be feeh from 
the Flint and Steel in that Cafe. 

62. But the greateft Neceffity and Impor- 
tance of Air is for animal Rejpiration ; efpc- 
cially all the larger Sort, which immediately 
die upon exhaufting it^ and tho' InfeSlSy 
ReftileSy aquatic Animals^ &c. will not die 
(at Jcaft under a long Time) in Vacuo 3 yet 
they fcem to undergo fomc very painful 
Scniatious^ when the Air is taken from them, 
as is evident from divers Experiments of this 
Sort. 

63. Tho* a common Animal foon dies 
ty exhaufting the Air, yet if it be let in 
again before the Blood becomes ftagnant, it 
will expand the LungF, and permit the Blood 
to circulate through them again ; upon 
which the Animal will revive, and appear 
in a. few Minutes but little the worfe for 
fuch a temporary Death. 

64. If a Receiver be exhaufted, and the 
Air Jet in again thro' a Charcoal Fire^ it 
will thereby have its vivifying ^ality de- 
ftroy*d^ for . a Candle inftantly goes out in 
it, and a Bird falls down dead very fudden- 
ly ; it feems to be infedled like that we call 
Damps in the Bottoms of deep Pits, Mines, 
&c. which produces the fame Kind of Ef- 
fedls. And it is known by too many In- 
ftances, how deletereous a Chat-coal Five ren- 
ders the Air of a common Room when con- 
fined. It is remrakable that no common Coal 

or 
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H^Qod F^W will produce this Eife^ ; aiwi tba( 
the Air in paffing thro' the the Gbqrf^ Ffff 
. has none of its fenfible Qij^iliti^^ ^fr'df 

65. I^ftly, that the Ughteft ?ady f4j« M 
foon as th^ heaviefl in vacu^^ is (h^wn by 
a Guinea and Feather falling in the fafPf 
Tinie from the Top to the Bottom (^ « 
tall Receiver. For where there is no r^- 
ing Medium, there c^n b? nothing to emit 
any Difference iq the Tim^ jDf the Fail, 
iioce every Partible in both Qpciies being 
urged with the fame Force downwards, they 
muA; neccfTarily all go with the f^n^ Velo-- 
city, 

66. Thefe are moft of th^ capital Expc^ 
riments of the Air-Pump, aqd dempnftrate 
all the in^portant Properties of the Air. 
They who would fee i^uch wore may hflV45 
Recourfe to piy Phihfopbia Britfimica. I 

'^' * Ihall conclude this Part with ob&rying tQ 
the Reader that the Way in which thie Air 
is exhaulled, n^ay be rendered yifiblc to tbc 
Eye by the following Cointrivai>ce* Let 
A BC D be a Tube of Glafe, fcrew'd 10 
at the Bottom to a Receiver R, in form of 
a Capping*Glafs. In this Glafs Barrel let 
Water ftand over the Valve V t<? the Height 
erf about 2 Inches C E F D. Ai/b iet 
Water be put over the Pifton G H I K, to 
the Height L M ^ then 'tis eyjdei>t, that 
when the Pifton is placed on liie Sur&ice of 

Water 
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Water below at E F, and raifed up again, 
the Air from the Receiver R will rufh up 
thro' the Valve V, and all the Water above 
it lb a very pteafant and vitible Manner, to 
fill the Space below the Pifton. This Air 
muft again upon the Defcent of the PiAon 
rife up thro' its Valve, and all the Water 
above, as before > all whicii is fo plainly re- 
prcfented in the Figure as to require no fur- 
ther Defcriptioni 
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Section IV. 

Of the various Syst-ems of the World. The 
CoPERNiCAN or Solar System proved 
to be the only true one. The fame explained 
at large. The Difpofition, Number, Mag- 
nitudes, Motion, and Diftances, of the 
Heavenly Bodies. The Nature of 
Day and Night j the Viciffitude of the 
Seasons j the Nature of Eglipsj^s j the 
Theory of Comets j all illufirated byacu* 
rioui Orrery, Planetarium, and Co- 

METARIUM. 

i.'Y^HE Subjeftofthis Se^lion will be 
-*- . to explain the true Syjiem of the 
Worlds is it has been lately difooircr'd and 
demonft'ratfid by the great Sir Is^aac New* 
ton. By \kit Syjlem (f the World hmtAvA 
the Number, Difpofition, and Order of the 
Heavenly Bodies, both among themfelveSi! 
and with Refpedt to one central Body^ about 
which the Motions of the Others arc per- 
formed, and by whofe Power and Influence 
they are governed and regulated. 

2. The 
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great Quellion in all Ages has 
ther the Earth or the Sun be the 
the planetary Motions ; the Vulgar 
«tc Part of Mankind declare for 
t ; But all the fkiliul and learned 
a^rt the Latter, but can eafily 
1 demooArate the fame; Our 
leed, reprcfent the Earth the Jar- 
Bodies, and at Reft ; and the Hea- 
ies fmalli- and in Motion about it^ 
n. Learning, and Experience all 
le Contrary j and at the fame tline 
lat nothing can be more falacious 
common Seniations of Motionj 
•f and Diftances of Bodies, 
I vulgar Hypothefis of the Earth's 
Center of the Sy/ietn was taught in 
mes by an Egyptian Philofopher 
'phmyj and from him it is called 
riaic Syftem. That which allerts 
) be the Center is for that Reafon 
Solar Syftem j and becaufe it was 
t by the School of Pythagoras, 
I \o&. for many Ages^ was at lafl 
f Copernicus j and laft of all de- 
1 and accounted for by Sir JJaac 
t has been alfo called, the Pythagc- 
"rnican, and Newtmian Syftem of 

[ndolenceand Inattention of People 

Uy the Caufe of their Ignorance j 

who will not make Ufc of their 

G 2 Ssnfet 
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Senfes to difcovcr the Figure of the Earth 
are not much to be depended upon for the 
Rationale of a Planetary Syftem. But to leaVft 
Refledions, and come to Fads, I have con- 
trived a Machine v^hlch I call a Planeta- 
rium^ or Manual Orrery, that will at once re- 
prefent both the Ptblomaic and Newtonian 
Syftemy and fully and equally ihew the Fal- 
Jity of the one^ and the Trufh of the other. 

5. In Order to this the Ptolomaic Syfiem 
is reprefented having the Earth in the Ceo- 

/-^ ,^ ter immoveable, about which, when the 
Winch is turning, you fee the feveral Hea- 
venly Bodies move in the following Order, 
viz. Mercury y Venus, the Sun^ MarXy Jtt" 
piter^ and Saturn ^y juft as fhewn in the 
Scheme. Now in this Difpofition of the 
Planetary Bodies, feveral things offer then}- 
felves at firft Sight quite oppofite to the true 
and real Phcenomena of the celeflial Motions, 
fome of which I fhall here fpccify, which 
will indubitably prove the Abfurdity and 
Falfityofthis%?^;w. "" 

6. The firft is, that by this Hypothcfis, 
'tis very evident that Mercury and Venus can 
never be feen from thb Earth to go behind 
the Sun, becaufe both their Orbits are con- 
tained wirhin that of the Sun j bat in the 
Heavens we always fee thofe Planets go juft 
as often behind the Sun as before it. 

7. Secondly^ according to this Scheme, the 
Planets Mercury ami Venus, like all the Reft, 

I may 



, to the Newtonian Philosophy* ^^ 

may be in ConjunSiion and Oppofition tp the 
San, or may be feen in any Poiition in the 
Heavens from the Sun« But this is quite 
contrary to Experience; no Man can ever 
^e Mercury at more than about 2 1 Degrees 
from the Sun, and ^^122^^ never above 48, 
ib far are they from being in Oppofition or 
at the Diilance of j8o Degrees from the 
Sun. Venus is the bright Evening Star, 
which erery one knows was never feen in 
the SoMb^ much lefs in the Eaft^ at Sun- Set. 
And Mercury is fo far from being fetn in 
every Part ot the Heavens, that he is very 
rarely ever feen by any Body. 

8. Thirdly, in this Vulgar Syjlem, 'tis 
plain, fince all the Planets are at an equal 
Diflance in every Part of their Orbits, from 
the Earth t; they would neceflarkly appear al^ 
ways of the fame Magnitude : But this is 
contrary to Experience, for we fee the Pla- 
nets, efpecially Mars, perpetually altering 
their apparent Magnitudes, which prove 
they are not always at an equal Diflance 
from m. ^ 

9. Fourthly, according to this Scheme^ 
the Planets as they are always equally diAant 
from the Earth, muft always appear to mo«c 
•with equable or uniform Velocities^, or never 
fader or flower at one Tin[>e than at ano- 
ther ; which is dircdly contrary to >what wc 
et^ve in every Planet of the Syftem. 

•G 3 10: Fifthly, 
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lo. Fiftbfy, If the common Hypothcfia 
were true, we (hould fee the Planets alwaya 
move one Way, or in one Piredion, viZn 
from Wejl to Eaji^ but inftead of that, we ob^ 
fcrve they fometimes move fhrwards^ fiime- 
times backwards^ and fometiaies430/ at ally but 
^rc ftationary in the Heavens for many Days 
together. Thefe Things with many more, 
which we muft pafs by, plainly prove fuch 
a Svftem can have no Place in Nature, but 
is every Way repugnant to it> apd therefc^e 

Me. 

1 1 ^ But now if we reftore the Sun to its 
rightful Place, the Center of the Syjlem % and 
the Earth to its proper Place among the Pla^ 
nets, and thereby reprefent the Ne^tomat{ 
Syjlem upon the fame Machine, we (ball 
fee every Phenomenon of this Syftem in the 
Planetarium, agree with tbofe of the Hea- 
venly Motions refpe^lively ; and not income 
ber'd virith the i?aft DiiHcuky or Abfur^ 
dity. 

12. ThuSjfirft of all, we ob fcrve, accord* 
|ng to this Difpoiition of t}ie Planets about 
the Sun, that to a Spedator at the Earth the 
Planets penury zn^Ven^s will be feen to 
;o both before and behind the Sun, Of to 
lavc tiso Cot^unSifons with the Sun, but ntk 
Oppojition ; which ^re cxadly their Pbanor 
mma in the Heavens, 

ly Secondly^ let S be the Center of the 
gun^ apd froqa tlie Earth Q draw the right 

L^np 
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XiM 8 Gy e H touching the Orbits oiMer^ 
suK^ and Venui in the Points B and £ ; then^'X- 2- 
|f Mercury be at B, and Venm at E, they 
will there appear at the greateft Diflance 
£rom the Sun that is poflible ; and the An-^ 
gie S e B» being the greateft Elongation of 
Marcury is not above z\ Degrees ; and that 
of Verm S £ is but about 47. And this 
is exa^ly agreeable to what we obferre of 
tb^ir Diftances in the Hisavens. 

14. ^hirdly^ In the Newtonian Syftem^ 
you obferve all the Planets will have their 
Dtftances from the Earth perpetually vary* 
ing I and confequently their apparent Mag* 
nijtudos will be always variable alfo. And 
this we obferve every Day in the Heavens % 
thus when Mars is neareft the Earth 9 at M, 
he appears near as large as Jupiter y but 
when at his greateft Diftance at R, you will 
icarccly difcern him from a fix'd Star^ but 
by his red, Afpc^. ♦ The Surfaces of all 
Bodies decreafing as the Squares of the Di- 
fiances increafe. Now 9 M is to 9 R as 1 
to 5 ; therefore the apparent Magnitude of 
Mars is 25 Times greater at M than R. 

15. Fourthly^ In this Scheme as the Earth 
e is not in the Center of the Planetary Mo- 
tions, their true Motions and DireSiions can* 
not be feen by us, but only their apparent 
Ones ; and the^e are often contrary to the 
other. Thus, for Inftance, while the Pla- 
net Venus is moving from F towards E, it 

G 4 Will 
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will appear to a Spedtator at the Earth 6^ to 
move the fame Way that it really does move, 
viz. from Weft to Eaji 5 but while it moves 
from E to D it will appear tp go back- 
wards, from Eaft to W^fi. And thus io the 
Heavens, after Venus has gone forwards 
* from the Sun tp its greatcft Elongation, we 
always fee it return again with a retrograde 
Motion^ to the Sun; and the fame is ob^ 
ferved of Mercury^ and of all the other 
Planets. 

16. Fifthly y In this Syftcm, 'tis evident, 
the Planets muft appear to move with very 
unequal Velocities ; for fincc the Velocity is 
in itfelf uniform, and fince it appears to de* 
icribe the fame Arch in the Heaven's in 
palling from F to E, as it does in pafling 
from E to D, and E F is much larger thaa 
E D, therefore the apparent Velocity of its 
retrograde Motion tl^ro' £ D moil be much 
greater thap that of its direft Motion thro^ 
F E. And thus the Motions of tbefe Pla- 
|iets always appear to us in the Heavens. 

ij. Sixthly^ At -the Points E and B the 
planets will appear to ht Stationary ^ or not 
tp move at all for fome Xinie, becaufe the 
Direftion of their Motion in thofe Points,- 
for fome little pittance on each Side, coin* 
fides with the right Line e E and © B, 
>vhich touch the Orbits. 'And agreeable 
liereto, we find the Planets in the Heavens 
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always Stationary at their greatefl Elon^a* 
tion from the Sun. 

i8. Seventhfy^ According to this Syftem, 
if the Earth has a Motion about the Sun in 
its Orbit then the Time between any two 
Conjunctions of the fame Kind in Venus ox 
Mercury^ muft be longer than it would be if 
they were at Reft , for in the latter Cafe, that 
Time would be equal to the periodical Time 
of the Planet's Revolution j but at the Earth 
moves as well as the Planet, that Time oiuft 
be greater than the Planet's Period. For 
fuppofe while that Planet performs its Pe- 
riod the Earth moves on from 0, then af- 
ter Venus has returned to D, it muft go on 
iiill farther, fuppofe to L, before it corner 
again between the Sun and the Earth now 
at K. And this we always find to be the 
Cafe by Obfervation 5 which therefore plain- 
ly proves the Motion of the Earth about the 
Sufi. 

19. Since then this Syftem, and this on- 
ly, is every ^Way confiftcnt with the Phae- 
nomena of the heavenly Motions, and by 
which they can be rationally accounted for ; 
it follows, that this only can be the true Syf^ 
tern of the World. And indeed it is not only* 
plainly demonftrable by the foregoing Obfer- 
vations, but it is fupported by the higheft 
Reafon. For fince the Planets revplve in 
circular Orbits about a central Body, they 
fnuft be conftantly deflected from thcFr 

right- 
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rigbt-iine Direction by a centri^tal Force er* 
erted upon them by this central Bodyj^ And 
as this attraSiing Force is well known to be 
proportional to the Qtuntity of Matter^ 'tis 
evident, the Quantity of Matter in the cen« 
tral Body ought vaflly to exceed the Quan- 
tity of Matter in any Body whole Motion 
it controuls and governs. And therefore 
the Sun onfyy whofe Matter is oiany thou- 
fand Tioies greater than that of all the Pla* 
nets together, mud neceflarily be appointed 
for this Purpofe ; and not our inconfiderabk 
Globe of Earthy which is near a Million of 
^imes lefs than the Sun, and vadly lefs than 
yupiter or Saturn. 

20. Again 'tis extremely abfurd on ano- 
ther Account to fuppofe any other Body but 
the Sun fliould be the Center oj the Syftem % 
for the Sun only is the Origin and Fountain 
of Light, and therefore that this might be 
equally difpenfed to the whole Syftem, and 
at all Times uniformly, to enlighten, and 
animate the feveral habitable Globes 'twas 
abfolutely neceilary to ailign the Sun a cen^ 
tral Situation, iince no other could poflibly 
atifwer that End ; for were he placed be* 
tween Venus and Mars, as in the Ptolomaic 
Scheme, thofe Planets would be fcorched 
with Heat at his neareft Approach, and be 
congealed to Stone at bis greateft Retreat. 
: And fuch woul^ be the wretched State of 
the other Planets, in a great Meafure. 

ai. This 
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' %t. TYMS)[/iemy therefore, as it is fo nob- 
ble a Work of Creation, and difplays io 
much of the infinite Wifdom and Power of 
God, deserves a particular Defcription. Ac«r 
cordingfy I (hall give a fuoimary Account 
of the jfeveral Bodies of which it confifts^ 
and the qioft remarkable Affections and Par^ 
ticplars relating to each, 

aa. The Sun is the central Body, and 
for thai Puppofe is the largeft of all ; fo ve- 
ry great is his Bulk, that his Diameter is 
'computed to be 82a 148 Miles^ viz. 100 
Times greater than that of our Earthy and 
therefore his Pulk a Million of Times greater 
than the Earth, The Surface of the Suil 
when view'd thro' a Telcfcope, or in a dark 
Koom, exhibits the Appearance oidark Spots 
of different Forms and variable in Number^ 
but always uniform in their Motion over 
the Sun'6 Difk, which plainly proves the 
Motion of the Sun about its Axis in 26 Days 
nearly. What tbefe Spots may be has not 
been yet difcover'd.' 

23. The firft Planet in the Syflem isf,;^. , 
Mercury 9, 2460 Miles in Diameter; and 

at the Diflance of 32 Millions of Miles, re- 
volves about the Sun in 88 Days ; this Pla^ 
liet is the leafl of all, and fo near the Sun, 
that it is ieldom vifible to us^ and we know 
but very little of it. 

24. Venus ? is the i^cond Planet; which at 
th? Dift^nce of 59 Million of Miles revolves 

about 
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about the Sun in the Space of 214 ^ D^s •; 
rt is near the fame Bignefs with the Earth^ 
being 7906 Miles in Diameter. This Pk- 
net has a Motion about its Axis in 23 Days, 
determined by the Appearance of a Spot on 
ks Surfiice. Tho* it be a moft fplcnd id and 
glorious Evening and Morning Star, yet then 
in its greateft Luftre, not half its Surface to- 
teards us is enlightened ; but when viewed 
thro* a Tdefcope it appears horned like the 
Moon at 4 or 5 Days old. 

25. The Earth ©, or terraqueous Glob^,' 
tn which we live, is the third Planet in ofder 
from the Sun ; and is at the Diftanoe of be- 
tween 8 J and 82 Million of Miles from it; 
its periodical Time, or Revolution about 
the Sun is in 365 -J- Days, and about its 
own Axis it revolves in 1 Day or 24 Hours. 
It is 7966 Miles in Diameter 5 and about 25 
thoufand in Circumference. It is the firft 
Planet in the Heavens thkt is attended with 
a Moon or Satellite^ of which more here- 
after. 

26. Mars i the fourth Planet, at the Dift- 
ance of 123 Millions revolves about the Sun 
in 687 Days. It is lefs than either the Earth 
or Venus^ being no more than about 4444 
Miles in Diameter. It has always a red of 
fiery Afpedt 3 has no Moon attending it, nor 
any Thing elfe remarkable about it. 

27. But Jupiter i^, the 5th Planet i$ the 
moft confiderable of all, efpeclally in regard 

of 
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of his Bulk^ as being no kfs than 8i,ooq 
Miles in Diameter ; and therefore bis Body 
or Globe a tboufand ^imes greater than 
that of the Earth. The Diftance oi.JupU 
ter from the Sun is 424 Millions of MileB^ 
and it revolves about the Sun in 433 2 -^ 
Days or almofl 12 Years. It is attended 
with 4 Moons 3 and with a good TeleicopCy 
it- appears to have fome cloudy Streaks or 
Belts croiiing its Difk^ but what they are 
is not known. 

28. The moft remote Planet of the Syf- 
tem isSATURN t, at no lefsthan 777Millions 
of Miles ; it revolves about the Sun in 10759^ 
Days, or in nearly 29 Years ; and its Bulk 
is not very inconfiderable, being about 
68, 000 Miles in Diameter. It is attended 
with 5 Moons, and befides them it has a 
very large Ring encompafling its Body at 
the Diftance of 10,000 Miles, which is 
alfo the Breadth of the Ringi but what this 
wondrous Phenomenon is, has not as yet 
been difcovered. 

29.. The Moon which belongs to our 
Earth is at the Diftance of about 240,000 
Miles ; and revolves in the Space of 27 
Days, 7 Hours, and 43 Minutes. This is 
caird xht periodical Month y but the Tin:ic 
which panes between two new Moons is 29 
D. 12% H. 44"", and is call'd a Syno^ 
dical Month ; for the Reafon of which Dif- 
ference fee Art* i8. The Diameter of the 

Moon 
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Moon is about 2175 Miles ^ ibc Moon U 
fiiercforc about 50 Times leiii than the 



30. The Reofon why the Mxm always 
Jhews tie fame Faa to the Earthy i$^ he^ 
icaafe k turns round its own Axis in the £une 
Titnej that it revolves about the Earth. And 
the Beafon of its doing this, is, becauie the 
Earth's attra&ing Power governs not only 
the Motion^ but alio the Potion of tbc^ 
Moon ; for as it adts always uniformly^ fo 
•whatever Part of the WbK>n did at firft 
turn towards the Earth, it muft always keep 
towards it of Cottr& i and the M^ner how 
this is done, I fhew by a new Coitfrivance 
in the Planetarium4 

31. The M?/iVi^ of the Moon about (he 
Earth is extremely irregular, f . which I 
have elfewhere accounted for. The PffOh 
Jes of the Modn are all exhihttedr add filie 
Reafon of them clearly feeo wbHe ih0 
•Moon revolves about the Earth io the Or- 
rery. The Surface of the Moon appeal 
thro* the Telefcope very uneven, being in 

<fome Parts fo vaftly mountainous, * cbft 
^me of the Hills are at leaft 9 Miles 
high, and the Vales, or rather Pit» fo largc^ 
as to be 2 or 300 Miles over, and as ma^ 
ny deep« There appears noticing like ua 
Atmofphen about the Moon, nor Cloudsg 
nor confequentiy have they any kind of 
Meteors *j and ihetefovc the Inhabitants ^ 

the 
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ture from to5> - t 

32r. As to ^Eclipj(e^i thejr happen iu the 
Sun only, br the Mom's interoening be- 
Uvim it[^nd (be Earthy by -which Meaiis 
the Shiidowof the Moon falls upon the 
Earth Si^en the Latitude of the Moon 
does^not prevent if, by^eviiting the Moon 
^bov<e/«<0r-dept^fring it below the Earthy 
in or near the Time, when it is new i ioc 
then only^ can an Eclipfe of the Sun hap-< 
pen/ The Shadow of tbi Moon is of two 
So^^s, <;/«. Rotator Partiah, whoever lives 
on that Pirt of the Earth's Surface, wherci 
the^ total or- dark Shadow falls, fees the 
Sun t&taUy eclipfed ; thoie in the partial 
Shadow or Penumbra^ fee the Sun eclipfed 
In Part only. 

^3. On the other Hand, an Eclipfe of 
'die Moon can only happen, v^hen the Earth 
is interf$fed between the Sun and it y for 
then, if the Latitude of the Moon does 
not prevent, the Shadow of the Earth may 
fall on the Modii, and thereby caufe either 
a partial or tofal-Bcliffi ; and confequently 
thefe lunar Ectipfes can happen^ only at, or 
near the Time of the Juil Moon. And in- 
deed, if the Plane of the Moon's Orbit 
was coincident with the Plane of the 
Earth's Orbit, there would be always zjo- 
' tar Ectipje at the neno Moon^ and a lunar 
Eclipfe at the fu/l. The Manner how all 

this 
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this Affair of . Eclipfes is ocxrafiooed^ WHI 
appear very plainly in the Machine. 

34. The next Planet to ottr Earth .which 
we find attended with Moons^ is Jupitefi 
there have been 4 difcQvered^ and may be 
eafily ieen thro' the l^elefcope in a clear 
Night; their Dift^nces frpm.yii^^V^r cfti- 
mated in Semidiameters of Jupit^*^ Body, 
and the T mes ia which they revolve ^ are 
as follow 4 ^ 



4 



Satellite 8emid. Days H; 

1 ixTT 1 -18 : 27 

2 9 — -^ 3 : 13 : 13 

^ 3 -^ 14 tV 7 .V 3 2 42 

4 -^—r^St-V-^^^ 16 : 16 :. 33 

35. In Sat urn y befidcs his Ring^ wie 
difcover 5 Moons or Satellites revolving 
about him, whofe Diflances» eftimated in 
Semidianpieters of his Ring, and the Tirn^ 
of their Revolutions, are as follow. 

Satellite Semid. . Days. H. \ 



1 ■ ' ' 2 nearly — i, : 2 1 

2 — — ZfV — — 2 ' 17 

3 3t — 4 : 12 

4 — — 8 ■ 15: : 22 

5 25-JA5. 79 : 7 



4» 

41 
16 



36 Thefe Moons of 5tf/«r» being fo vc« 
ry remote from as, cannot be feen, but 

* by 
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by a very good Tclcfcope, tho* the Ring 
may ; the Moons, either of Jitpiter or Sa-- 
turn appear only as fmall Scars, and near-^ 
ly in a right Line, becaufe the Planes of 
dieir Orbits are nearly the' fame, and pa- 
rallel to the Plane of the Earth's Orbit* 
As thcfe Moons niay be fometitties in the 
Shadow of their Primaries, fomctimes be-r 
hind and before them, and fometimes one 
may intercept the View of another, it 
muft happen that we can very rarely fee 
them all together. 

37. Such are the primary and fecundary 
Planets, which conipofe our Syftem. Of the 
Comets I fliall fpeak by and by. Of all 
the primary Planets we know but little, tx* 
ceptiog the Earth on which we live. And 
here we (hall find feveral capital Pbanome^ 
na which command our Attention, and 
can only be explained (fo as to be clearly 
and rationally undcrftood) by the Orrery 
and Planetarium ; in which Machines y^«r 
Motions of the Earth will be exhibited, viz. 

1. The annual Motion about the Sun* 

2. The, diurnal Motion about its own 
Axie* 3. The Motion about the common 
Center of Gravity between it and the Moon. 
4. The Motion about the Axis of the £- 
cliptiCy Of which in Order. 

38. Ashy the Day we mean nothing but 
the Prefence of the Sun^ and by Nighty his 
u4hfence ; fo the general Caufe of Day and 
Night, is nothing more than the Sun's fhi- 

H ning 
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ftmg on: the Globe of 'Earth i^ by ^-hich 
Means one Hemifphere is. enlightened^ and 
the other dark 5 and as the Earth revolves 
upon its- Axis once in 24 Hours, it muft 
caufe every Part oh the Surface to pals thro' 
both the enlightened and dark Hemifphere 
in that Time, and fo inuft neceflarily pro- 
duce an Alternation of Day andtNight to 
every Place. And if the Circle^ which 
bounds the light and dark Hemifphere, pafs 
through the PoleB of the Earth, it muft 
occafion the Day and Night to be of an 
equal Length; 

39. If the Axis of the Earth were al- 
ways perpendicular to the Plane of its an^ 
nual Motion, then would the Sun appear 
always in the Equator, and therefore equal- 
ly diftant from all Parts of the Earth on 
each Side under equal Latitudes ; and con^ 
fequently there muft be in every ' Latitude 
one and the fame Seafon of the Year per- 
petually; . 

40. But if the Earth's Axis be inclined 
to the' Plane of its Motion, and be kept 
always in a Pofit ion parallel to itfelf^ whik 
it revolves about the Sun, then in this Cafe 
one End of the Axis will, in d^e^Pofition 
be inclined to the Sun, and theothdi: will 
be turned from it ; the former *^ill be in- 
duded in the enlightened Hemifphcr^, the 
latter in the dark one. And the Earth- re- 
volving about its Axis, will occafion every 

Part 
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P^t about the Pole in the enlightned HcmU 
{phere to dcfcribe a larger Part of its Circle 
in the light, than in the dark Hemifphere ; 
aod conleQuently will make the Day longer 
than the Night in all thofe Places. And 
juft the contrary will happen with Refpedt 
to the Parts about the other Pole, or Ex- 
tremity of the Earth's Axis. 

41* To illu (Irate this Matter, let S be%4^ 
the Sun illuminating the Earth in three dif- 
fereat Pofitions in its Orbit, denoted by i, 
2, 3* Let C B be perpendicular to the 
Plane of the Earth*s Motion, and let the 
Axis of the Earth N S be inclined thereto 
in an Angle N A G = 23^ 29', and be 
always in a parallel Pofition. Then it is 
evident, that the North Pole N, and all 
about it from N to C, or 23^ : 2g\ will 
be in the enlightened Hemifphere C E B in 
the 3d Pofition. And the South Pole S, 
and the Parts about it to be, will be in the 
dark Hemifphere, jull the contrary, of all 
which youobfervein the ift Pofition. But 
in the 2d Pofition, as the Circle which 
bounds the Light and dark Hemifpheres, 
paffes thro' both the Poles N, S, it will 
caufe that the Parts about each of them 
will be equally enlightened. 

41. Hence every Part in all the Northern 
Hemifphere E N Q»_ being turn'd to the 
Sun in the 3d Pofition, will have the Days 
longer than the Nights ; thus fuppofe D H 

Ha be 
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be the Semicircle, which the City of X^«- 
don defcribes by the Earth's diurnal Rota^ 
tfon between Noon at D, and Midnight at 
H, it is plain the Length of the Day reprc- 
fentcd by D G is much longer than that of 
the Night GHj and it is as evident that 
the Night will be longer than the Day to 
all Places in the oppofite or Southern He- 
mifphere E S Q^ in the Ppfition of the 
Earth. 

43. Again the Earth in the iftPofition will 
have all the Northern Hemifphere E N Q 
turn'd from the Sun ; and the North Pole 
N, and all about it to C, for 23^ : if)\ 
wholly in the dark; and every Place, as 
London in the Parallel D H will have the 
Night D G much longer than the Day 
G H ; and the fame Arch that meafures the 
Length of Day and Night in one Pofifion, 
meafures the Night and Day in the other. 
The Southern Hemifphere ESQ Js turned 
to the Sun, and every Place therein has the 
Day longer than the Night. 

44. In the 2d Pofition the Circle bound-' 
ing Ligh^ and Darknefs pafles through both 
the Pole?, and muft thereby ueceflarily makiS 
Day and Night equal in every Place on thd . 
Globe. This can happen but twice in the 
Year, and thofc two Days are called the 
Equinoxes y viz. the 21ft of March y and 
23d of Semtember. Thus all the Variety 
that happens with Refpcdl^ to Day and 

Night, 
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Night, will be clearly feen, and moft ealily 
apprehended from the Motions of the Earth 
in the Orrery. 

45. To the fame Caufe alfo, viz. the 
oblique Pofition of the Earth's Axis N S to 
the Axis of the Ecliptic CB, we owe all 
the agreeable Alternations and Viciflitudes of 
the Seafons; For in the 3d Portion as all 
the northern Hemifphere is turn'd to the 
Sun, we may obferve ; 1 . That the Sun* 
Beams fall more directly upon it ; and there- 
fore ftrike with a greater Force. 2. A 
greater Number of Rays will fall on a given 
Space ; and therefore the Heat will be the 
greater. 3. The Rays in this Cafe pafs 
thro* a lefs Quantity of the Atmofphere, and 
fo thdr Adtion will be more intenfe. 4. 
The Sun^s Prefence exceeds his Abfcnce ; 
and therefore the Light and Heat of the Sun 
will on all thefe Accounts make this the 
moft ligbtjbme and hotteft Seafon of the Year, 
and what we call Summer. 

46. On the other Hand, in the lower 
Part of the Earth, all about the Southern 
Pole to the Antard:ic Circle B, is in the darl^ 
Hemifphere ; the Sun^* Beams are very weak, 
and of ihort Continuance, in the Southern 
Hemi^here ESQ, and there make the 
cold and dreary Seafon we call Winter. 

47. In the firft Pofition, every Thing is 
juft the . reverfe ; in all the Northern Lati- 
tude from Q to N it is Winter 3 and in all 

the 
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the Southern from Q to S, it is Swmnery for 
the Rcafons above affigncd. And fincc ift 
the 2d Pofition the Sun enlightens the Globe 
from Pole to Pole exa<3Iy, the Heatmuft. 
hcccflarily be there m a mean Degree, and 
make the Middle of the Seajims, we call 
Spring, and Autitmn. AU which is ve- 
ry clearly explained and illuftrated ki the 
Orrery and Planetarium; 

48 . Befides the annual and diurnal Motions 
of the Earth, there is another, whfch is a 
conical Motion of the Earth's Axi$, by 
which the Poles of the Earth revoWe aboat 
the Poles of the Eclijptic in a retrograde Man- 
ner, and fo very flowly as to amount to no 
more than 0;;^ i><f^r^ in 72 Years, or one 
Revolution in near 2600 Years. And there* 
fore in the Space of a few Years it is alto* 
gether imperceptible. 

49, Yet as in a long Cowfe of Time, it 
becomes very fenfible, and induces very con- 
fiderable and momeiitous Alterations* and 
Changes iii the prefent (and feemingly^ con- 
ftant^ State of Nature : I fhall contrive, by a 
new Jh'agram to reprefent it very pfamly, 
tho' it cannot be fo compleatly conceived as 
by feeing it adually performed in the PiJr- 

„. hetarium. Let E N Q S be the Earth j 

^* '• E Q^the Equator ; N S the Axis of the 
Earth making an Angle NCPx)f 23^ 
with the Axis PL of the Ecliptic^; TR is 
the Tropic of Cancer, B D that of Capri- 
corn \ 
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cora^^andPr^ 3 L, tte two pdar Circles 
in tthe ipreifent Pofition of the Earth's Axis. 

50* t^ow the £arth'$ Axis N. S is always 
in;MQt,ion upon th^^ Center C^ moving back- 
^ard^ in iiuch Manner as. to defcribe the Sur- 
fsLCc qi ji Cone NC.«, in the doing of. which, 
it willby ks.pire^ continued to th^ Star;, 
defcribe among them the Circle W. 3^ Y 55, 
wbofe^ Diameter; is 47 Degrees of a ^ great 
Circle; Jn Confequence of this, (|ie Star^W, 
whicfi is at prefent nearly over . the North 
Pole N, will -be. in Time deferted by the 
pole N> which by this conical Motioo will 
be carried backwards, and after about 6500 
Year^ it will be directed to a Scar X, which 
is now in the Bail, and this will then be 
our Nofth Star. 

51. After this in 6500 Years more, the 
Axis of the Earth will get into the Situation 
M i, and point to the^ Heavens, at Y, which 
will tjien be the Ncrfb Eple^ 47 Degrees from 
the prefcnt North Pole at W j and .8^ Dc- 
gjrees Sooth of the-Zeaith of Loridon ; vfhok 
Paraild, pr Path is'OH^ After this it will 
recede iq the fame Time to Z, in the pre- 
ient wet^ern Part of the Heavens, and near* 
ly there it was at the Creation, or about 
600Q. Years ago ] iince which Time it has 
crept backward to W, where it now is. 

^1. By this Motion of the Earth, as each 
Part of its Surface is flowly turned about 
backward from Eaftto Weft, the Stars will 

H4 all 
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• Eaft in the fame Tinnffc • ^nd hence it is that 
^thcy are conftantly cb^lnging thcit Longitude 

m the Ecliptic^ ^t\A Declinaticn from the 

Equator. And thus the Cbnftellation vs^hich 

t.was formerly in juries is now m'Taurusy 

< that of Xaurus is now in Gemnii and fo 

tof the Reft. 

\ 53 • Hence alfo it is, that as the cqui- 
no£tial and folftitial Points are carried back- 
wards, the Sun will arrive to them each Year 
foonef than if they were at reft, and confe- 
quehtly make what we call the Preterm of 
^tbe Equinoxes ; becaufe the Time of the £- 
■ quinoxes each Year will precede th6 TiAie in 
which it happened the Year before. 

54. Hence all the Seafons of the Year 
will have a retrograde Motion thro' all the 

• Months of the Calendar j and it is eafy to fee 
from the Figure, that there is in the - Spate 
of I -^000 Years fo different a Pofitiort of the 
Circles of the Sphere with RefpeA ^tb the 
Ecliptic, that in the prefent Pofition the 
Tropic oj^ Cancer T R touches the ^ro^ of 
Capricorn b d 2X the End of that Period; 
whence it appears the Sun is now in that 
Part of the Ecliptic on the loiigeft Day, 
where it will then be on the (horteft, and 
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!^^. The Caufc of this Motion of the 
Carth * Sir Ifaac Neivtm has (hewn to arife 
from the Figure of the Earth not bcingj^^^- 
rical or truly ghbuldr^ biit of an oblate Fornty 
having the Diameter E Qjof the Equator 
longer than the Axis N S by about 80 or 
-90 Miles. * Alfo that this was owing to 
. the centrifugal Force (arifirig from the diur- 
nal Rotation) being much greater in Parts 
near the Equator than in thofe towards the 
Poles. 

56. We come now to contemplate the 
Motion of CoMEts, which make a very 
Wonderful Part of the Solar Syftem. Thefc 
arc a Sort of Planets, quite different from 
thofe we have been fpeaking of, as they arc 
^pable of fuftaining the greatejl Altema-- 
tions oi Heat and Coldy and revolving about 
the Sun in very eccentric Orbits. They ap- 
cpear furrounded with a large and denfe At- 
mofphere, which when near the Sun be- 
comes greatly heated, raifed and expanded 
into a furprizing large and fiery Vapour, or 
Tail,* which makes it appear a blazing 
Star. 

Sy. With Refpedl to the Caufe and Man- 
ner of a Comet*s Motion, we are to ob- 
fervc that tho' the Form of its Orbit be ve- 
ry elliptical, yet the Motion in that Ellipfis 
is the Refult of two Forces acting upon the 

Comet 
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Comet (as wdl as; in the Cafe of s^ Plaaet) 
viz. One ^proje£iik Force^ which woul4 
alone carry it from the Sun in a right Line ; 
and a centripetal Force (or Gravity) by 
which alone, it would be carried diredly 
to the Sun. Now in the Cafe of a Co«- 
met both thefe are fo compounded toge«- 
ther as to make it defcribe an Orbit more 
or lefs JS//r^/;Vi7/ about the Sun^ or Center 
ofiForce.. 

58. But to be m6rc particular, let AFPG 
be the Elliptic Orbit of the Comet C, C T 

^'if- ^- its Tail; A its Aphelion or greateft Diftancr, 
and P its Perihelion or lead Diftapce, froqi 
the Sun & ^Now the Power oif- Gravity 
jupon the Comet every where decreafes ajs 
the Squares; of the Diilances increa&. So 
that if SA be 10^ times S P, the Gravity at 
P will be 1 00 Times greater than at A; and 
therefore the Velocity of the Cppo^t at Pi 
and in ail Parts about the Sun, is vaftly 
greater than in the remote Parts of th$ 
Orbit, and at A where it moves llowefl 
of all. _ :f. 

59. *Ifwefuppofe the Comet defcribes 
the Arches P B, B D, D E, in the fame or 
equal Times, thea ,will the Areas P S B^ 
B S D;» D S £ be eqpal to each other ; which 
is the conftant Law of all the planetary Mo- 
tions. The Reafpn why the Comet does 
not go quite away from the Sun at A is bc- 

caufe 
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csua£t the Eortfe by which: k gpc8 off hom 
the Stto» .d(3cr^e^^ in receding from /th« 
Sun in a much greater Propioirtion then Qrt^ 
vity by which it is therefore made to turn 
round at A, and again to approach the Sun. 
And at P, the fame Force prevails over the 
Force of Gravity, and prevents its falling in- 
to the Sun, by whirling it fwiftly round in 
that Part. 

60. There have been a great Number of 
Comets obferved from Time to Time, but 
though it be fufficjently difcovered that they 
move about the' Son in the Manner above 
explaio'<d ; yet icarcely any of them have 
been otafirrfetl eo return ofieti; and only one 
fo ofcanaa to kiTe^ the periodical Time of 
RevoluliO^ and l^om of it^ QrHt determined 
with Certainty, This Cooriet has appeared 
five feveral Thjice, at the Interval of 75 | 
Years; and the tail Time it appeared was 
j4n. JDom. 1682 j and therefore we certain- 
ly expe£t it again in the latter End of the 
Year 1757. All thefe Particulars of a Co- 
met's Motion are reprefented to the Eye by 
the Comet arium^ and exemplified at large in 
the Comet laft mentioned. Alfo by a new 
Conftrudlion and Elevation of the Plane of 
cometary Orbits in general, and efpecially of 
that of the Year 1743, by which it will ap- 
pear how enormoufly large their Tails are j 
and by what a iignal Providence we are con- 

ftantly 
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ftaritly preferved Arom thedeftru^ve Sbock 1 
of thofe flaming VapourS} when they tran- I 
fit the Earth's Orbit with a ftapendious Ve- | 
locity. 
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Section V. 

Mature of Flvidity and Fluid Bodies 
^lained'j The Hydroftatic Paradox; 
s Nature of Sinking and Swimming ; 
^ Specific Gravities of Bodies by the 
K-DRosTATic Ballance ; the Vfe of 
Hydrometer ; Q/'Aquaikjcts and 
•UNTAiNS ; The Theory ^/Tump-work ; 
^eral curious Sorts of Pumps ; The 
^eory of the Tides ; Newjham\ Wa- 
2R-Engine, Gf^. 

rH I S Sedlion is intended to explain 
and illuftratc that Part of Natural 
>fophy, which is called Hydrosta- 
; ; and which treats of the Nature an4 
)n of Fluid Bodies \ and the Con- 
bion and Rationale of fuch Inilruments 
Vf achines as depend upon their peculiar 
Arties. The Definition of a Fluid is 
j1 Body^ whofe Parts move freely amon^ 
^heSy and therefore yield to the lea^ 
that is impre fed upon them, more on 
^^rt than another ; for if the Force be 
rmly exerted over all the Surface, no 
-le can poffibly move. 

2. The 



1 1 6 A^ Plain 4MI Pmiuiiar Intredu^im. 

2. The Rcafon of this Definition is dc* 

jrrvc(i fr^n tbf N^^t^ for^it 

^hut bero ftewo io thefirft Se^ioo, dnt 

"the Power of Coh'eti'on unites and bitidsthe 
Parts of Matter together with various De- 
grees of Force, ia Proportipn as they touch 
by a greater or lefs Quantity of Surface } and 
fxjnfequcntly thofc which touch by the leaft 
Number oi Points, muft be moft free to 
move among' themjfelvcs by apy Forcq im- 
preiled, and therefore mufl: conflitute a fluid 
Body in the moft pcrfedl Degree. 

3 . In order that the Particles of Matter 
fnay touch by the leafk Quantity of Surface 
ipoffible, * tbdr Figure mu{i be perfe^ly 
rom^ orfpberical. Hence it follows that 
fince even in fpherical Particles there will be 
a fmall Degree of Contadt^ and confequent- 
\y of Cohefion or Tenacity, there is oo Bo- 
dy in Nature ahfolutely fluids unlefe « can 
be (be WD) that the Particles of fome fluid 
Bodies do not adlually touch each other ^ 
and indeed there are not wanting Experimients 
which feem to favour fuch a Conclufioo. 

4* However that Matter may be, wc 
have Bodies fo far fluid as to acquire by that 
Means fome very peculiar wonderful and 
ufeful properties, and a Manner of Adipg 
quite different from folid Bodies. Indeco 
both fblid and fluid Bodies adt only by Pref- 
fure arifing from the Gravity of their Parts \ 
but then in Solids^ this Adtion or Preflure 

is 
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!» only in one DirelHMy viz'. perpenHcular- 
if downwards j and in Proportion to- the 
^antity of Matter. Whereas Fluids prcfs 
not in one only, but in every DireSiion up- 
nvardsy downwards^ and Jideways^ equally ; 
and that with a Force not proportional to the 
Matter y hut to the Height of the Fluid* 
^- 5. The natural Reafon of this is evident; 
Tor fincc every Particle is quite free to move, 
and all prefs each other on every Side and 
in all Diredions, it is plain, if any one Par- 
ticle or more, were prcfled on one Part 
more than another, they would inftantly 
move, and continue their Motion till fuch 
Time a8 they acquired a Situation, where 
the Prefiure is on every Side equal ; and in 
that Cafe only the Body of the Fluid could 
attain its natural State of Reft. 

6. That the Preffure of Fluids is every 
Way and in all Dirfedions equal, may and 
Will be fliewn by divers Experiments in the 
Sequel of this Seftion. There is no Need 
t>f an Experiaient to prove the Preffure oiPig. i . 
Fluids downwards. But their Prejfure up- 
wards is a Matter not fo well known or ea- 
fy to be conceived ; and therefore I (hall 
(make it plain and evident by the following 
£xperiment. ABC is a tall Tube fill'd 
with Water near the Top, into which a 
fmall Tube DC is immerfed with its open 
End C downwards, the other End D beinj^ 
iiermetically feal*d. 

y. In 
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y. In the leiTer Tabe, the Water is ieeti 
to rife to the Height C £, which diredly 
demonflrates a perpendicular PreflTure of the 
Water upwards in the Tube ) becaufe as the 
Tube is full of Air when immerfed^ and 
the Air is a fpringy Body, it would by Vir- 
tue of its Spring refift the Water and pre- 
vent its Entrance into the Tube, were it 
not that the Water preiTes againil the Air 
with a greater Force, and by that meaos 
caufes the Air to retreat from the Orifice up 
into the Tube fo far that its Denfity makes 
its Spring equal to the Force of Preflurc in 
the Water, and then it can r.ife no higher. 

8. That this Preffure upwards at the 
Point C is equal to the Preflurfc downwards 
at the fame Place will be (hown farther oiu 
And fince, there is known to be a PreiTure^ 
upwards and downwards equally in every 
Part, and alfo that the force with which 
fluid Particles prefs, or are preiTed^ is oa 
every Part equally th? fame {Art. 4, 5J it 
follows, that there is a PrefHire in Fluids A2- 
terally or fide ways, and every Way equal to 
the Gravity , and proportional to the Height 
of the Fluid. 

g. But what is ftill more wonderful, and 
delervedly called the Hydroftatic Paradox^ 
is, that this Pr/Jfure of Fluids is proportional 
to the Height of the Fluid only, without any 
'Regard to the ^afjtity thereof -, or, in other 
Words, while the Bale or Bottom op which 

the 
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tlic Fluid preffes remains the fame, if the 
Height of the Fluid be cncreafed^ the Pref- 
fare on the Bottom fhall be increafed in the 
fame Proportion, tho' the Quantity of the 
Fluid be the fame all the while. And this 
is clearly evinc'd by the following Experi- 
ment. 

10. Let A B C D be a hollow Cylinder of 
Bra6, Glafs, Gfr. within which a Bladder ^'^ ^-^ 
containing Water is freely fufpended by a 
Brafs Top at A B, and having a Brafs Bot- 
tom abG', in the Middle of which at G, 

is fcrew'd a long Brafs Wire G H hanging 
to the Hook of a Steel-Yard at H ; about 
this Wire is fcrew'd the tall Glafs Tube E F 
in the Center of the Top A B : When this 
Wire is difengaged from the Steel* Yard, the 
Bottom of the Bladder is in its lowed Situa- 
tion cdy and the Water is juft feen in the 
Tubfc at E. Suppofe now the whole Quan- 
tity of Water A cdB were a Pint, or one 
Pound. 

1 1 . Then upon hanging the Wire <? H 
on to one Part of the Steel- Yard, and a 
Pound Weight on to the other, it is evident 
that Weiriit, by means of the Wire, will 
adt upon the Brafs Bottom aiyinz Dire<5tion 
quite contrary to that of the Preflure ef the 
Water; and confequently> wherever the 
Bottom ^ ^ is at Reft, there will be an Equi- 
librium or E^ality of Force between the 
Aftion of the Weight and the Gravity of the 

I 'Water 
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Water upon it ; and fo the Preffurc of iht 
Water will be always cxprefl'ed in Pound 
Weights. Thus, fuppofe the Pound Weight 
were placed on the firft Divifion of the Steel- 
Yard, as the Water is alfo one Pound by/ 
Suppofition, 'tis plain the Bottom wilTre- 
tain its Situation c d^ and the Water wili 
not be fenfibly, moved upwards. But upon 
moving the Pound Weight to the fecond 
Divifion of the Steel- Yard, it will adt upon 
the Bottom with the Force of two Pound, 
and therefore fince the Water adls upon it 
with the Force of but one Pound, it follows, 
that the Bottom will be drawn up, and the 
Water will rife in the Tube to a Height 
which is fuch, that a Cylinder of Wa- 
ter of that Height, and of the fame Bafe 
aby will weigh juft one Pound. The fame 
^ Quantity of Water, therefore, now piftfies 
the Bottom with double the Force as at 
firft. 

1 2. If the Found Weight be removed fuc- 
ceffively to the 3.d, 4th, 5th^ 6th, tSc. Di- 
vifions of the Steel- Yard, the Bottom will 
be drawn upwards with Forces which will 
be as 3, 4, 5, 6y &c. Pound ; and therefore 
the Water will rife in the Tube to the 
Heights E 2, E 3, E 4, E 5, E 6, G?r.. whence 
it appears, that the Force or Preiiure of Fluids 
is every where proportionable to the Altitude 
of the Fluid 3 and. to that alone, which was 
to be proved.. ^1 
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13. The natural Reafon of this wonderful 
t^haenomenon of Fluids is this, viz. That 
fincc the Preflure of Fluids upwards at the 
fame Depth beloW the Surface, is the fdmc 
as downwards (Art 6, 7.) the Water will 
every where prefs upwards againft the fixed 
Top of the Veflel A B, and upon the whole 
with a Force equal to the Weight of a Cylin- 
der of Water of the fame Height of that iii 
the Tube, and fiafe the fame as A B, as id 
evident by the Experiment. Now firice th6 
Top A B is fixed, it will re-a6t upon the 
Water with juft the fame Force as the Wa- 
ter adts upon it, and fo will, by this Re^ 
aSlion, fupply the want of Weight of fuch 
a Cylinder of Water as abovemention'd. This 
Force of ke-a<3ion, then, joined with the 
Weight of the Water below A B, muft ne- 
ceflarily be the fame upon the moveable Bot- 
tom a bi as the Weight of a Cylinder of 
Water on the fame Bafe and the Height of 
that in the Tube. Tihis Force ofRe-aSiton 
will be fully explained in the next Sedion, 

14. By the fame Principle in Fluids, it is, 
^at a heavy Body imtnerfed in thentj always 
Itkjfes juji fo much of its Weight as is equal to 
the Weight of an equal Bulk of the Pluid. Fof 
ho Body can defccnd in a Fluid without 
faifing an equal Biilk of that Fluid ^ and 
that equal Bulk of the Fluid will refift or re- 
^Gi againft the defcending Body with all its 
Force of Gravity -, and fince A^ion and Re- 
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aStion are equal, (Sedt. VL) it follows, that 
juft fo much Gravity muft be dcduftcd 
from the Body immerfed, and it will dc- 
fcend wifth the Remainder, or refidual Gra- 

^•^' 3- 1 5, To fhew this by Experiment, we 

have a folid Cylinder A B of Brafs, which 
cxadHy fits the hollow cylindric Bucket C D, 
and fufpertded from the Bottom of it by 
the String E F ; this Bucket and Solid arc 
counterpoifed very nicely in the Air by a 
Weight G on the Balance H I. While they 
are thus in Equilibrio, the Solid is immerfed 
in the Water K L, upon which the Equi- 
librium isimmediately deftroyed, the Weight 
G preponderating very conliderably. If 
now, Water be poured into the Bucket C D 
till it be full, the Eliquibrium is reftored a- 
gain ; and that by the Addition of the. Weight 
• of an equal Bulk of Water, which fully 
proves this moft uifeful Propofition of Hy- 
droftatics. 

1 6. Hence it appears, that the true and 
abfolute Weight of Bodies cannot be imme- 
diately known by the Balance, unlefs they 
could be weighed in vacuo ; fince when they 
are, weighed in -Any Medium, as Air, Water, 
&c. we have only the Difference of the 
Weight of equal Bulks of the Body and the 
Medium. Hence we derive the Idea or 
Definition of Specif c Gravity, which is a 
relative Term, and implies no more than 

tke 
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the Gravity of one Body compared with that 
^ ^ another under equal Bulks. Thus if a 
Cubic Inch of Glals be three tiixics heavier 
than a Cubic Inch of Water, its Ipecific Gra- 
vity is laid to be three times as great as that 
of Water. 

17. To find how much heavier any Body 
is than Water, and coftiequently to deter- 
mine the various fpecific Gravity of Bodies^ 
ill general, we have the Invention of the 
Hydrostatic Ballance, the Reafon of 
which will be quite evident from the forego- 
ing Experiment (Art. 15.) and the Ufe of i{ 
extremely eafy in the new Method I haye 
contrived for that Purpofe, and which I 
(hall next exhibit and ttxemplify. 

1 8. Let I K reprefent this Balance, and F'i". 4. 
its two fcales. H, F; to the Scale Fl fix a 
Horfe-Hair F G, with a Loop at the lower 
End G, by which a Body, as A B, may 

be. very readily i^ufpended, Suppofe then 
A B were a Piece of BrafSy whofe fpecific 
Gravity is required to be found ; proceed 
thus ; Sufpend it in the Horfe-haitj and find 
its Weight in Air by Grain Weights put into 
tJie oppofite Scale H, till there is a nice E- 
quilibrium, then lifting the Body A B up, 
^lace under it a Glafs of Water C D, in 
which let the Solid fink, and it will become 
Jighter, and the Scale H will preponderate 
(Art, 14.) then let grain Weights be put into 
the other Scale F till the Equilibrium be re- 

I 3 flored. 
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ftoredj thefe will exprcfs the Weight of a 
Bulk of Water equal to A B (Art. 1 5.) Now 
the Weights in H are to the Weights in F as 
the Weight of Brafs to the Weight of Water 
under equal Bulks; and therefore /i&^jj^^-^ 
cijic Gravity of Brafs is known. 

ig. And it will always be found th^t the 
Weights in the Scale H will be to thofe in 
F as 8 to I nearly 5 and if the Solid A B 
were Goldy thofe Weights would be as .174 
to I ; in Silver they are as about xo to i ; 
in Lead as 11^ to is ^nd fo a Table may 
be compofcd exhibiting the fpccific Gravities 
of as many Kind of Solids as you pleafe. 

^o. And it is ftill more eafy to find the 
fpecific Gravities of Fluids ; for in this Cafe 
nothing more is neceffary than firft to equi* 
poife any Solid A B in the Air, and thenaoir 
mcrfe it fucceflively in as many different Sorts 
of Fluids as you will 3 and the Number of 
Grains put into the Scale F^each time to re- 
ilore the Equipoife, will reprefent the fp«r 
cific Gravities of thofe Fluids refpeftively, 
becaufe they expjefs their Weights fevcrally 
under equal Bulks. 

21, In this Way alfo one might find th? 
Specific Gravity of Quickfilver by inxmerfiog 
a Piece of Gold in it (fo^: nothing but Gold 
is heavy enough to fink into it) but for Va-. 
riety's Sake, I fhall fhew another Way of 
doing it. Let A B be a tall Glafs Tube clofe 
at the Bottopj^ .in which pour a little Meif- 

A ?ury 
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*ary to the Height D C. In this let a fmall 
Tube G B be placed, open at both Ends, 
and upon the Mercury pour Water till its 
Height CF be equ^l to 14 Inches; then 
will the Mercury be raifed in the Tube B G 
to the Height CE equal to one Inch. Now 
fince the Preffure or Gravity of Fluids is pro- 
pcrtional to their Heights ovAy(Art. 9.) and 
fince there is an Equilibrium between one 
Inch of Mercury and 14 Inches of Water, it is 
plain that Mercury is 14, times more denfe^ and 
therefore 14 times heavier than Water. 

22. The Ufe of this Experiment is very 
extenfive, as we ihall fee farther on, and 
perhaps there is nothing that will aiFord a 
clearer Idea of the Reafon of the Tides, qr 
flowing and ebbing of the Sea. For fup- 
poling the Earth I F G H were wholly co- 
vered over with Water 5 and if this Water 
were afTeded by the Earth's Attradlion only 

it would be every where of a fpherical Figure %- 6. 
A B C D (by what was (hewn in Sedl. I. 8.) 
becaufe every Particle being equally attracted 
there muft bean equal and uniform Denfity 
and Gravity, and confequently an equal' 
Height of the Water throughout the whole. 

23. But fuppofing the Moon at M attracts 
the Waters at the fame Time, this will be in 
a contrary Dire<5tion to that of the Earth in 
all the Hemifphere ABC next the Moon, 
and thereby the Gravity of the Waters will 
be dimini(hed, and mod of all thofe Parts 

1 4 near 
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pear the Moon; As the Waters, then «fe 
thus made lighter about D than at A or C, 
there will be required a greater Altitude in 
thofe at D to maintain the Equilibrium with 
the heavier Water at A and C. The Waters 
therefore at D will rife from D to d^ aod 
proportionally every where towards A and C, 

24. In all the oppofite Hemifphere ABC 
the Attraction of the Moon conipires with 
that of the Earth, and the Gravity of the 
Waters will alwa3rs be proportional to the 
Sum of thefe Attradtions, which will be leaA 
of all at B, as being moft remote from this 
Moon ; the Waters, therefore, at B will be 
lightefl of all ; and confequently muft rife 
to a greater Height G 6 than apy where elfe 
towards A and C, 

25. As the Water rifes about the Parts D 
and B| they muft neceffarily fubfide belpw 
the Circle in the Parts A and C to the leil^r 
Heights F ay H r, As thefe Points Ai B, 
C, D, are 90 Degrees diftant, they mu& 
come .to the Meridian at the Diftance of 6 
Hours in Time. If the Sun be in the £iine 
Part of the Heavens with the Moon, as 
when fhe is new, or in the oppofite Part, 
as when (lie is full, the Waters in D and B 
will thereby be render'd yet lighter, and fo 
will rife higher, and make what are called 
the Spring Tides. * The greateft Height d 
is not under the Moon,#but follows hcfi 
* and P (^is equal to twjci A a^ 

?6, 
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26, If two Bodies of different Kinds of . 
Matter, as Braf^ and Glafs, be equipoifed in 
the Air^ 4nd then weighed together in Wa- 
^er ; the. Equilibrium will be deflroyed, and 
the Bra& will preponderate, becauie its Bulk 
being lels than that of the Glafs, it will loofe 

a lefs Part of its Weight, or be Icfs refifted 
than the Glafs, and therefore be heavier in 
the Watct, (See Art. j6.) And this we 
confirm by Experiment. 

27. Alfo from hence we fee the Reafon in 
general why any Body finks orfwims in a Fluid. 
Vqv foppofe any Body were heavier than 
Water in the Proportion of 8 to i, as Braft 
then in the Water, it am lofe but \ Part of 
its Weight (Art, 14) and therefore moft de*^ 
fcend with \ of the whole, 

. 28. If a Body, as Cork^ be lighter than 
Water in the Proportion of i- to 4 5 then 'tis 
plain, as there is 4 times as much. Weight 
in an equal Bulk of Water, fuch a Quantity 
cannot be raifed by the Cork^ and confe* 
quently it cannot immerfe itjelfy or fink in 
Water wholly ; but it will raife ^ of its 
Bulk of Water, as being of equal Weight, 

^ and fo will fwim with \ Part of its Bulk in 

^ the Water. 
. 29. If a Body be of the fame fpecific Gra- 
vity with the Water, it can neither Jink nor * 
jwim. For if it be immerfed it muft loofe all 
its Weight (Arf^i 4), and fo cannot defcend. 
Alfo it wiU every where tend downwartls 

wicl\ 
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with a Force equal to the Refiftance or Pref- 
fure of the Water upwards ; and and fo it 
will not rife to th^ Top orfwim. Hence ap- 
pears the Rcafon, why a Backet of Water, 
a Man, or any Animal in Water, feems fo 
very light, and to have fcarce any Weight at 
all. Thefe Phoenomena alfo are all illa- 
ilrated by Experiment. 

30. Hence the Reafon alfo of another pa- 
radoxical Pofition is evident, viz. The beavi- 
e/i Body placed at a proper Depth in Water 
(hall there hefujlain'd by the Water ^ or kept 
from Jinking tbo' left freely toitfelf. Tb 
prove this by Experiment, let abcdhtz 
Piece of Brafs, which by means of a String 
is drawn tight againft the Orifice of the Glafs 
Tube afg ^ (with a Piece of wet Leather at 
^ ^ to keep out the Water) in this cafe it is 
plung'd more than 8 times its Thicknefs eh 
under Water in the Jar A B C D ; and the 
String being there let go, the Brafs does not 
defcend or fink, but is fuftain'd by the 
Water. 

31. For the Preffure upwards againft the 
Surface dc is equal to the Weight of a Co- 
lumn of Wzxtv dhicj whereas the Preffure 
downwards is equal only to the Weight of 
the Brafs, or 8 times its Bulk of Water, e b^ 
which, as it is lefs than the former, (hews 
plainly enough that the Brafs cannot (ink at 
any Depth greater than 8 times its Thicknefs 
{{t^Art. 1 8 and 19.) In the fame Manner 

it 
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\t is fhewn by Experiment that a Piece of 
Cork will not rife or fwim in Mercury if it 
be kept from preiCng it upwards on its under 
Surface. 

3;i. Hence alfo the Reafbn of another 
Phcenomenon^ which ufed to be thought 
flrangC) viz. that the fame Body P: all fink in 
one Fluid and fwim in another. Thus, a 
Piece ofBrafs will fink in Water, but as 
readily fwim in Quickfilver; becaufe it is 
heavier than Water in Proportion of 8 to i 
(by Art. 19.) and lighter than Meruury in the 
Katio of 14 to 8, (by Art. 19 and 21.) 

33, Ne3f t to the Hydrojlatic Ballance^ there 
is no Inftrument which owes its Invention 
to this branch of Science more ufeful than 

the Hydrometer or fFater-poife -, it con- '^* ' 
fifts of a large hollow Ball or Globe A B D, 
with a long Stem or Neck A F G; and a 
Weight at the Bottom B C E, to be fcrew'd 
€>n and off at pleafure, and fuch as fhall be 
fufficient to fink the Inftrument in any pro- 
pofed Fluid, till its Surface (hall coincide 
with the middle Point F in the Neck. 

34. Suppofe the Stem A G divided into 
20 equal Parts ^ and the Weight C B fo ad- 
jufl:ed as to fink the Hydrometer i© Rain^ 
JVater (which is the lighted of all Waters) 
to the middle Point F , then if it be im- 
jnerfed in any other Water, it- will not de- 
scend fo deep in it^ by which means that 
Wat?r will be found to be heavier. And 

thus 
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thus in general, all Kinds. of medicinal Fluids, 
mineral and other Waters may be examined 
as to their Gravity or Denfity. Indeed an 
cxaft Eftimate or Comparifon of the refpcc- 
tive Gravities of Fluids may be made by 
this Inftrument, but that is better done by 
the Hydroftatical Ballance. 

35. Again, the Strength of all fpirituous 
Liquors may by this Inftrumcnt be very 
eafily difcovered and compared. Thus, if 
pure Spirit of Wine be poured to an equal 
Quantity of Watef, it makes what we call 
Proof-Spirit 5 then if the Wfcight B C be 
fuch as WiW fink this Inftrumcnt in this Proof 
Spirit to the middle Point F, or loth Di- 
vifion in the Stem ; if you put it into any 
Spirits that is weaker, it will not fink fo deep 
becaufe of the larger Proportion of Water 
which is heavier than Spirit. On the other 
hand, if it be immerfed in Spirits that are 
above Proof, it will fink deeper than the 
Point F; and fo in all Cafes it may be rea- 
dily and certainly known, whether any Sort 
of Spirit be above or below Proof. 

36. Another very curious Ufe of this In- 
ftrumcnt is, to find immediately if Monty be 
goody ' or any ways debafedor diminijhed. To 
this End, inftcad of the Weight B C, I fcrew 
on a Piece fo Contrived as to have a Piece of 
Money affix'd to it inftantly ; and fuppofing 
that to be a Xjuinea of George II. . the whole 
is fo adjufted as to fink in common Water to 

the 
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the Point F ; but if a faulty Guinea be put 
on, no part of the Stem will be injimeifed,, 
nor the upper Part of the Body ; whence 
the Fraud is eafily difcovered. And thus it 
may be accommodated to examine any other 
Species of Money. Nay, even all Degrees 
of Difference in good Money ^ as appears by 
the Experiment. 

37. The Method of conveying Water by 
Aqueducts, is the next Thing to be ex-., 
plained ; to reprefent this Affair 5 let A B be 
a Refervoir of Water, its defcending Pipe 

C D ; in the Part D there is a Piece F (with^*- 9^ 
a Joint) fcrew'd on, which communicates 
the Water to the Tube G H affixed to it on 
the other Side. By means of the Joint at F, 
this Tube G H may be put into any Situ- 
ation. Then fuppofing E K the horizontal 
Line^ and A I parallel to it, you will find 
that in every Pofitionof the Tube, the Wa- 
ter will conftantly rife in it to the Level A I, 
and no higher. 

38. The Rcafon of this is evident; be- 
caufe when a Flusd becomes divided into 
two Parts, and is at Reft, there muft be an 
Equilibrium of their Force or Prejure againft 
each other ; but this cannot be, but from an 
equal perpendicular Altitude in each Part a- 
bove the Horizon E K {hy Art,. 5 & 9.) and! 
confequcntly as the Height of the Water in 
the Refervoir is A E, that of the Water I K 
in the Tube G H mtift always be equal to 

. ' it; 
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it • and there its Surface in every Pofitidft dt 
the Tube will ever be in the Line A 1 pa- 
rallel to the Horizon E K. 

39. If then GH reprefent the main Pipe 
which is laid up the Side of a Hill on which 
a Town is built^ it is evident^ that the Wa- 
ter will be conveyed from this Pipe by the 
lateral ones to all the Houfes fituated below 
the Level A I ; but to none above it, from 
ItoH. 

40. Let the Figure and Size of the Con- 
duit-Pipe G H I be whiat it will, the Water 

F'r »«> will ft ill rife in it to any Part G, or I beloW 
the Level of that in the Refervoir A B. And 
therefore Water may be conveyed over any 
high Place F G H, as a Houfe, a Mountain 
&c. Or from the Top of one Hill G acrofs 
the Vale H to the Top of another Hill I, 
by means only of a bended Pipe F G H I, 
Hence the vaft and expenfive Labour of 
building j^qneduSls from Mountain to Moun-^ 
tain is not neceflary, but where more Wa-^ 
ter is required than can be carried by Pipes, 

4 1 . As the Tube contributes nothing to-» 
wards the Caufe of the Water^s rifing in it j 
fo if the Tube were away, and a fmall Piece 
or Adjutage G were affixed to the Part F 
with a little Hole in the Top, the Water 
would rife thro' that Hole in the Form of 
a. Jet dEau or Fountain G I, nearly to the 
Height of that in the Rejcf^oir A B. But 
becaufe there is fome Cohcfion in th6 Fluid, 

fomc 
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fome Attraction and Fridion in paiGng thro' 
the Hole, a confiderable Refinance from the 
Air, and, the Weight of the Water above inv- 
pcding the Afcent of that below, we find 
the Jet can never poffibly rife to the full 
Height of the Rcferyoir which fupplie^ it. 

42* The Operation of the Syphon C F E 
is eafily accounted for by the Preflure of 
Water in Conjundtion with that of the Air. ^ ^^- ^^ 
For fuppofe the Syphon filled with Water, 
and inverted with its fhorter End in a Glafs 
of Walter A B, then if there were no Pref- 
fure of Air to efFedt the Water, the Water 
in the Syphon would immediately feparate 
in the higheft Point F, and run down from 
thence in each Leg towards C and E, and 
fo there could be no Operation at all. 

43 . But as there is a Preflure of Air con- 
ftantly a€ling upon the Surface of the Water 
in A B, it will caufe Water to rife from C to 
F 5 for fince the Preflure of Air is the. fame 
on both Orifices C and E, and the Leg FE 
is the longcfl:, there will be a greater Weight 
of Water at E than at C, and confequently 
the Water in the Leg F E will run out j and 
if we fuppofe the Mater to part at F, there 
mufl: be a Vacuum in the Syphon at F, which 
is impoflible while the Water at C and E is 
under the Preflure of the Atmofphere, It 
mufl: therefore be always full till the Surface 
of the Water in the Jar comes to the Ori- 
fice C, and then no more can be preflfed up. 

'Tis 
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nris eafy from what has been &id to {ee^ ^t 
if the external Leg were F D equal to F C, 
or if the two Orifices of the Syphon C, D, 
were in the fame horizontal Line C D^ the 
Water could not move thro' it* 

44. Hence alfo the Phcemmenon of the 
7antalus Cup is eafily underftood, for if a 
Syphon be bent in the Form of a Handle 
C D E, and fiked into rhe Side of a Mug 
or Cup A B, fo that the Orifice C may com- 
municate with the Cup near the Bottom^ and 
the Orifice E be a little below it 5 then, upon 

^*Z\^i* pouring Water into the Cup it will rife in the 
Handle at the fame Time ; and when in the 
Cup it comes to the Height- F fo as to be 
upon a Level with the highcft Part D of the 
Handle, the Water will then defcend thro' 
the other Part D E, and run out withoat 
ceafing at E, till the Water defcends in the 
Cup to the Orifice C. 

45. Hence we fee the Rcafon why foinc 
Ponds and Wells loofe or difcharge aH their 
Water in a furprifing Manner as foon as they 
are fiird, by fome analogous fubterranean 

* DuSi or Syphon. Alfo the Reafon of inter* 
, mitting Springs^ which are fupplied by a 
Syphon, and which can only run when that 
works, Alfo thofe called reciprocating 
Springs^ as they are fupplied by a conftant 
Stream, cannot intermit; but if at the 
fame time they receive Water froni an in^ 
termitting Syphon or Du6l^ the Surface of 
3 their 
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their V/aters will rife and fall in correQ>Qndeni 
Reciprocations. Of all which we have an 
admirable Inftance in that Spring called 
Laywell near Brijham in Devon j whofe Wa-*- 
ter ebbs and ilows juft ten T*imef every Houn 

46. The Antiguggler has fometimes its 
tlfes, and therefore it is ufual to ihew it by 
Experiment : It confifts of ^ fmall curved 
Tube, which is to be put into the Neck of 
a Bottle or Vial, that fo while the Liquor is 
running out, the Air may enter thro' the 
Tube without rufhing thro' the Body of the 
Liquor (which makes the ufual Guggling) 
and thereby difturb the Sediment^ and fou| 
the Liquor. 

47, Wecomenowto fhemoftufcfuIPart 
<>f Hydro fiatics^ which concerns Pump-Worki 
and the Reafon of the Operation of Pumps 
in genera), will be eafy to underftand from 
the foregoing Principles. A Water-^Pump is 
every way like an Air-Pump ^ confifting of a^'^- '*• 
Barrel, a Pifton, and two Valves 5 all which 

are here of the fame Ufe as thefe, but made 
of different Materials. The Form of the 
common Pump is reprefented in the Figure 
in three Parts ; the firft is the Ciftern A B, 
into which the Water is brought by the Pil- 
ton K L, which plays in the fccond Part or 
Barrel D B3 and the third Part is the Pipe 
or Tube F G, which goes down to the Wa- 
ter in the Well or V^ffcl HI. 
, 48. In the Bottom of the Barrel there is a 

K Hole, 
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Hole, over whldhis placed a LeatberhVaht 
CO move up and down ; ^nd the fame Sort 
of Valve there is in the Bucket L of the 
Pifton, which has atfo a Perforation to let 
the Wilcr pafs thro' it. Thefe Valves open 
upwards, and permit the Water to rife; but 
prevent its return by fhutting down clofe up- 
on the Hole^eneatb, The Bucket L is 
lined with Leathers, to make it fit the Infide 
of the Barrel very nicely, that fo none of the 
Water above may get into the Part below; 
and to fffcb the Putnpy as they call it, or to 
inake the Water rife, they firft pour Water 
into tiie- upper Part over the Bucket to make 
all tight. 

49. Then the Pifton, being fuppofed at 
the Bottom of the Barrel at E, is raifed uj* 
from thence to Q^y the Handle K M ; then 
is the Air contained in the Tube F G expand- 
ed into the large Space of the Barrel from E 

'^ ' • to Qand confequently has its Spring leden'd; 
it will therefore prefs with lefs Force on the 
Water contained within it, than the Airprcf- 
fes that without ; hence the Water muft rife 
in the Tube to fome Height O, till its 
Weight, and the Spring of the Air within^ be 
equal to the Preffure of the Air withotrt, 

50. When the Pifton is forced down, the 
Air beneath rifes thro' the Bucket ; and that 
in the Pipe above O, when the Pifton is rai- 
fed, is expanded agaki into the Barrel} 'and 
its Spring being again diminiihed, the Wtter 

will 
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will be raifed to a great Height P in the 
Tube. And thus as the Air becomes gra<« 
dually exhaufted) the Water will rife higher 
and higher^ ' till at laft it will arrive to^ and 
force up the Valve N in t he Barrel ; and 
having afcended thro* it^ it canno' return, 
but muft, upon the Defcent of the Piftonj 
be forced thro' its Valve alfo ^ and as this 
Valve alfo prevents its returning^ it muft be 
raifed by the Afceut of the.Pifton. into the 
Ciftern of the Pump A B^ and there run 
out thro* the Spout C. 

51. Any Pump of this Conftrudion will 
raife Water to any Height not exceeding 32 
or 33 Feet. For fince the Water rifes, and 
is luftained in the Pump by the Frefjure ef 
the Air^ and (ince this PreiTure is equal to the 
Weight of a Column of Mercury 294* Inches 
high (Se<^. III. 31O it will be equal to the 
Weight of a Column of Water 14 Times as 
high {Art. 21) therefore 29I x 14 makes 
413 Inches or 344 Feet nearly, which is the 
Height; to which the Water would rife in a 
Pump^ if all the Air could be perfedtly ex«* 
haufted. But as no Pump of this Kind is or 
can be made fo Air-tight as to do that, the 
Water never rifes fo high* 

52. The Pipe fhould be of fo large a Boreas 
to admit the Water into the Barrel fo freely, 
at to follow the Piftbn without leaving any 

. Space between 5 for unlefs the Water be in 
Contad with the Pifton. below there is much 

K 2 more 
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more Force than the Weight of-the Water 
. above it to overcome each Stroke 5 and fo 
the Labour of Pumping will be greatly en- 
creafed. Note, the Pifton placed at a great- 
er or lefs Depth in the Water, makes no 
Alteration in the Labour of working the 
Pump. 

53. If there were no Hole or Valve rn the 
Pifton, but a Valve opening outwards in the 
Side of the Barr^J near the Bottom, then the 
Machine would become a Forcing^Pump;. 
for every Afcent of the Pifton would raife 
the Water into the Barrel, and every Dcfcent 
would force it thro' the lateral Vahe into 
fome Pipe or Dudt, to any Place or Height 
you pleafe. 

54. There are various Contrivances in the 
Form and Conftrudlion of Pumps ; fome of 
which are very curious, as particularly the 
Mercurial-Pump, fo call'd by Reafon the 
Exhauftion or Vacuum is here effe(3:ed by 
Quickfilver, inftead of the common Pifton, 
And this Method is eafiJy applicable at large, 
and without any great Ex pence. .It is capa- 
ble of producing the EfFedt of a Pump in the 
greateft Perfedion,' as all muft allow who 
fee the Model and the Experiment upqn ir^ 

^^. There is alfo another very ufcful In- 
vention of this Kind, ^oiz. h portable Pump^ 
and which Works by a Pifton, indeed, but 
without any FriSlion-, The Pifton plays 
wholly in Water, and does not touch the 

Sides 
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Sides of the Veilel in which it is contained. 
The Stjoke in this Pump is very (hort, and 
it may be ufed as an Exhaujiing^ a Liftings 
or a Forcing^Pumf. The Mcchanifm is 
very fimple and cafy to be underftood by 
the Model 5 and the Rationale of its working 
by the Experinient, 

57, There is another very ingenious In- 
vention in Hydraulics^ to (hew how a #r^^^r- 
Millmay be contrived ivithout fFbeels to grind 
Corn, by a mod fimple Strufture, and with 
a fmall Stream of Water. The Model of 
this Machine is as follows. A B is the Cif- f/^. 15. 
terp receiving the Stream or Spout of Water 
which from thence defcends by the Tube 
•C D into the Horizontal Trunk E V ; this 
^runk has two Hdles in it on the oppqfite 
Side at the Ends, as<J at the End F ; and 
another on the bppofite 5ide at the End E. 
Thro* thefe Holes the Water rufties out, and 
-by that Means turns round the Machine in a 
retrograde Manner, or in the Diredlion F L 
E M. In the lower Part of the Trunk is 
fix'd a ftrong Iron Shaft or Axis I K, which 
at K turns upon a fine Point in a pivet Hole 
in the lower Part* of the Frame NOP Q^; , 
and on the upper Part PQJs fix'd a fmall 
^circular Piece a b^ reprefenting the nether 
Mill-Stone ; above there is another c d which 
being fix'd to the Axis I K in the Center I 
4s thereby turn'd very fwiftly round .upon 

the 
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the other ; and thus is the End of a Mill b; 
this Means anrwer'd, 

58. The Reafon why the Machrne muft 
move round very fwiftly, will eafily appear, if 
we confidcr, that if the Trunk had no Hole 
in it, the Preflure of the Water within would 
be the fame on every Part, and proportional 
to the Height B D j but if a Hole be made 
at G, the PrelSure of the Water on that Side 
and End is diminiihed ; and the PreiTure be* 
ing greater on the other elofe Side, will 
therefore caufe that End to begin a Motion 
from F towards I } and a Hole being made 
on the oppofite Side at the End E, will dou« 
ble the CaufCj and confcquently the Velocity 
of the Machi^ie. 'Tis plain, the Force to 
turn the Machine is 'proportional to the 
Height of the Water B D, and the Diftance 
of the Hole G from the Center qf the Ma- 
chine conjointly, 

50. Neiv/ham'B Water EngInE:, is ra- 
ther Pneumatical than a Hydraulic Ma-» 
chine y but I fhall explain it in thid Seo* 
tion. The Defign of it is to produce a con- 
tinual Stream of Water ^ and to projefl: it to 
, great Dijlances ; this is done by Means of 
\twq Forcing Furnps^ which alternately com-* 
pel Water into a large clofe Veflel of Air ; 
the Air is thereby gradually condcnfed^ and 
compreflfes the Water beneath with fo great 
Force, that upon turning a Stop»-Cock on the 
upper Part, it rushes out with great Impetuo-^ 

fity 



^tjF.thro' ^ Vipo ihat coi;ncsrdown iotQ<ili 
^A iptkoft ^ qontirittcd Stream, l)y the A»':t 
felSPg wfttiftu^Jy <rPn4cnfcd and ftfting cott-» 
tipQS^ {ipQ% k«: , ^ . ; C 

60. To iliuftrate this, let ARCGJ>Q:a% «'6' 
Gkfs Globe or Veflel, fill'd about^ half full 
with Water. BCD; upon the Top is 
fcrew*d a Stop-Cork E, with a Pipe H F 
going to the Bottom of the Water. On 

the upper Part, at I, is firft fcrewM on an 
injeHing Syringe^ by which the Air is thrown 
in, and greatly condenfed in the Part 
B A D J then turning the Cock, you take 
off the Syrin^y -japd fcrew. on the Ball 
and Socket I U.; thro' which, upon open- 
ing the Cgck, tliere will iffue a continual 
Stream G I^ v^th great Velocity, by the 
Adion of^ljje Air comprciEng the Water 
B D. 

6 1. In the fame Manner a Variety of Jet 
dEaus^ and pretty Devices of that Kind, 
may be praftifed upon this Inftrument, by 
fcrewing on different Pieces upon the Top of 
the Cock, particularly if the Veflel be large, 
a Piece may be fcrew*d on at I, very full of 
exceeding fmall Holes, thro' which the Water 
may fpout obliquely, and form an artificial 
Shower of Rain ', in which when the Sun 
fhines ftrq^gly, a Rain- Bow will plainly ap- 
pear, if-y^ur Back b^ turn'd to the Sun, and 
you view the falling Drops againfl a black 

Wall 
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Wall or Cloth. ' And this Experiment well 
managed, infallibly confirms the Theory 
of the Rain-Bow, as deduced from tlu 
DoSirine of Light and Colours in Sect, 

II. 2t. 30.} 
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2. Motion is the Change of Place in Bo* 
dies ; and Rejl is their Continuance in the fame 
Place. The moil general Cv^Sk of Motiql^. 
wkb us, is thi^t Power in the Earth an^ 
other Bodies we call Gravity, by which 
they attradt, gravitate, or move towards one 
another, unlefs hinder'd l^ fome intervening 
Obflacle : and indeed this is the Caufe of all 
Motion in the larger Bodies of the SyftemV ' 

3. There is befides this an Animal Gdufe 
or Power oi producing Motion in Bb^. 
For any Animal can, at Will, move tfny Bo- 
dy in any Diredioii, provided thai his Aft^ 
cular Force be not inferior to the Force of 
Gravity in that Body ; and where this luq)- 
pens to be the Cafe, we have Recotirfe'to 
Art ; and by Means of many Kinds of Me- 
chanical Contrivances, weaire enabkdte raife 
and move fuch heavy Eddies as iar excdsd 
our natural Strength. And hence we' derive 
the nioft ufefut Science of Mechanics, or 
ConJiruSHon of mechanical Powers andl/k^ 
cbineu • * ■* 

4. The Manner in which we conceive the 
Idea of Motion* makes it necefi^ to dtfpn^ 
guifh it into two Kinds^ wz. Real andr-j^" 
parent 5 for we may not only have an \St2t 
of Motion in Bodies when they do realfy 
tnorjey but alfp when they do net mofve^^ * bat* 
are abfoktely at Reft. This Ambiguity in 
our Ideas of Motion renders us fu^edl 10 
many and very great Miftakes in ocrr 

^ common 
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cammon Notions or J udgment of Things^ 
Nor are tbefe Errors of an indifibrent m** 
ture ; bat oftentiQ;)es greatly concern the 
WelUb6ing of Mankind, not only in Regard 
to the Sciences, but even to Religion itfelf $ 
Witnefs the Cafes of thofe Degrees which 
aoathem^ife us for denying the diurnal Mo*» 
.tion of the Sun and Stars, and dac Caie of 
poor Galileo in the Inquifition about loo 
Years ago, 

c. That we may be able therefore to judge 
truly of Motion, we cnuft confidcr, that the 
Idea is produced in the Mind by the Fafjag^ 
of the Image ofObjeSls over the Retina in the 
Bottom of the Eye. Hence then, if the jEy^ 
be at Reft^ what Ideas we have of Motion 
maft in that Cafe be of true or real Motion^ 
for nothing but Motion in the Object here, 
can produce a Motion of the Image in the 
Eye. But, on the other Hand, 'tis as evi- 
dent, that if the Eye be in Motion^ an Objeft 
before it, tho' at Kefl, will have its Image 
move over the Retina, and fo produce a de^ 
ceptive Idea of Motion. . 

6. Hence with Refped to the Motion of 
Bodies, there will oe three Cafes. For ( i ) 
J'he Eye may be at Refty and the ObjeSt in 
Motion (as above) which is the only Cafe in 
which we can have an Idea of the true and 
real Quantity of Motion. And even in this 
plain Cafe we are liable fometimes to be de- 
ceived, viz. When the Motion is fo very 

quick 
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quick as not to admit of any fenfible Inttf- 
vals of Time in paffing over fenfible Inter- _ 
vals of Space. Thus we fee no Motion of || 
the Particles of Light in the Sun-Beami\ 
thus alfo a Body njay be turn'd fo fwiftly is 
not to appear to move at all 5 and a Red Spot 
whirled Aviftly round, makes a ReJ Circk 
without Motion . All which is evident from 
common Experience. 

7. The fecond Cafe is, when the 0^e& is 
at Rejiy and the Eye in Motion ; and here, as 
the Motion is altogether apparent, the Idct 
or Motion we have of it muft be the moft of 
all illufivc or deceitful. But the Errors of 
this Sort are often fo very grofs and obviODSy 
that we can corredl them by the Icaft Degree 
of Reafon ; thus to a Perfon in a Ship under 
Sail, looking O'Jt of theCabbin-Window, tkc 
Houfes and Trees on the Shore appear to 
move 5 but no Man was ever fo irrational, as 
to think fuch a Motion real. In the iamc 
Manner, if our Earth does really turn upon 
its Axis in 24 Hours ^^^ Weji to Eap^ it 
muft neceffarily caufe an apparent Motion (f 
ibe Sun, Moon, and Stars, in a contrary Di- 
redlion, viz. from Eafi to Weji, in the fame 
Time. 

8. The third Cafe is, when the Eye and 
OhjeSi are both in Motion ; and this may be 
fubdivided into three other Cafes. As (i)' 
When the Eye and Objedt both move the 

fame Way^ and with equal Velocity. In this 

. Cafe, 
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C^afe, 'tis plain, the Irrfagc, of the Objedk 
muft always retain the fame Place or be at 
BLeil on the Retina, and confequently no 
Motion of the Objedl can be perceived. 
Hence the Ships under Sail feem at Reji to 
« Perfon fhut up in the Cabbin ; and we on 
the Surface of the Earth perceive nothing of 
its diurnal Motion. 

9. Again (2) The Eye and Objcd may 
niove the fame Way with different Veloci- 
ties. In this Cafe the Objedl will appear to 
0nove ivitb the Difference of the two Velocities^ 
viz. forwards^ if its Velocity be greater than 
that of the . Eye 5 or backwards^ if lefs. 
Thus if two Ships A and B fail'd both the 
fame Way, A at the Rate of 3 Miles an 
Hour, and B at 5 3 if you were in A, the 
Ship B would appear to go forwards from 
you at the Rate of 2 Miles per Hour ; and 
if you were in B, the Ship A would appear 
to go backwards or the contrary Way, as faft, 
while the Ship you are in feems quite at Reft. 

10. If (in the 3d Place) they Eye and 
Objedl both move, but in contrary DireSii- 
ms^ or meet each other; then the Objeft 
would a()pear to move with .the Sum of the 
two Velocities, f bus fuppofe the two Ships 
A and B^meet each other, each failing with 
the Velocities above mentioned ; then a Spec- 
tator placed in either of them, would fee the 
other approach him with a Velocity of 8 
Miles per Hour. And hence it appears that 

t unlefs 



mlefs we are well apprias'd of the true Stift 
mnd Circumfiances of JBodies which appear 
to move) or not to move, both in Refpefiof 
diem and our felves^ it is impoflible the Jiufe- 
tnent we form of their Motion fhould be 
correct ; but very precarious, and moftly foil 
of Illufion and Error. 

1 1. Velocity is the comparative Swift* 
fiefs or Siownefs of Bodies in Motion. Thus 
if the Ship A fail at the Rate of 3 Milei 
per Kour, and B at the Rate of 5 Miles per 
Hour, they are faid to move with Velocities 
which are to each other as 3 to 5. 

12. The Momentum^ Force ^ or Sluantitj 
iff Motim in moving Bodies, is all that Power 
they have to a5l upon^ or afFcd each other in 
Collijion^ oranyObjedby ftriking agamftit 
And this depends upon two Thngs^ (1) The 
^antity of Matter in Bodies j and (2) the 

, Velocity of their Motion. For it it eafy to 
underfland that when two Bodies move ^mifb 
equal Velocities^ there can be nothing tooiake 
a Difference in the Force of their Strokes^ but 
the different Quantities of Matter they con- 
tain. Thus a Globe of Gold, and another 
of Brafs, of equal Bulks and Velocities, will 
ftrike with Forces which %vt astheir Quan- 
tities of Matter, or Weight, viz. As 17410 
8. (SeeSedt. V. 19. ) Thus 100 lb. Weight 
will ftrike with 100 Times the Force of i lb. 
moving with the fame Velocity. 

3 • 13. Second!/ 



ib the Kewtoni AK pHi tosopilY.- i 4| 

' tj. Secondly, on the other Hand^ if the 
^Mtity of Matter continue tbefame^ 'tis as 
|>laift the Force of the Stroke will be e:ta6lly 
proportional to Velocities of Motion. Thus 
a Bdilet projeded from the Hand, will not 
do the Execution as it would if ihot from a 
Gun 5 becaiife of the much greater Velocity 
in the latter Cafe. And therefore the ^an^^ 
tity of Motion in any moving Body is to be 
cftimated by its ^antity of Matter^ and by 
its Velocity conjointly 5 and therefore it is al- 
ways as the Produdk of one multiplied by the 
other. 

14. To illuftrate this important Article 5 ^^-ff- *' 
it is to be rioted, * that if any Body B fuf- , 

Bonded by a String A B, and raifed to any 
ivifion of the circular Arch E D, and there 
let go, // will by its Defcenttothe lowejl Point 
D, there acquire a Velocity that will beprofor^ 
tional to the Arch of Defcent^ and therefore 
may be meafured by it. That is, if a Body 
defcend from the Points B, C, E, the Vc- 
locities acquired by thofe Delcents will be 
in the Point D, as the Arches B D, CD, 
and E D refpedively. 

15. Therefore let the Body B of 3 Ounces, F^^- ^^ 
defcend from the 5 th Divifion, arid ftrikc 

the Obftacle D, and afterwards let it defcend 
from the 9th Divifion, to flrike the fame Ob- 
ftacle, then will the Magnitude of the Strokes 
be as the Velocities, 'oiz. The Force of the 
iirfl; Stroke to that of the fecond, as 5 to 9. 

16. But 
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'k- 3* 1 6. But if the Ball B of 3 Ounces^ d^ 

fcend from the 5th Diviiiop, and another 
Ball G of 2 Ounces defccnd from the 9 th 
, Divifion, tTie Stroke of B will be to that of 
G, as 3 Times 5 or i 5, to 2 Times^ 9 or 
1 8, And thus, I prefume, the Nature of 
Force or Momentum, or Quantity of Motion 
is very eafy to be underftood from what has 
been premifed. 

1 7. Sir Ifaac Newton has confider'd all the 
AfFedtions of Motion under three general 
Heads^ which he calls the three Laws of Mo- 
tion^ and fometimes they are call'd the Lawi 
of Nature^ becaufe they are obferved by all 
Bodies whatfoever. The firft of thefe is, 
That every Body endeavours to continue in a 
State of Rejty or moving uniformly in a right 
Lifte^ unlefsfofar as it is compeWd to change 
that State by Forces imprefs*d. 

18. This is evident by confidering, that 
each Particle of Matter is abfolu^ely inert and 
paffive J and fo quite indifferent to Reft 
or Motion ; and if it chance to be at Rejl^ 
fince .it has no Principle of Action in it 
felf, it cannot of itfelf change that State $ 
and for the fame Reafon, if it be once in 
.Motion, it muft neccifarily fo continue^ 
all Obftacles being fuppofcd away. The 
Motion likewife muft be in a right Line, 
there being nothing in Matter itfelf to 
alter that Diredion of Motion which ic 
badjn the Beginning. 

. ^ 19. Thus 
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19. Thus then it appears^ that all the • 
Change that is at any Time made in Bodies, > 
is by the Adion of external Forces imprefs'd. ' 
Bodies at Reft, without being ^fted upon by 
external Objeds, we can cafily conceive, 
will always remain at Reft. And 'tis as true, : 
that Bodies in Motion, where there is no re- 
fitting Medium or Obftacle, will preferve 
their Motions undimini(h*d ; witnefs the - 
Planets ^zv\A Comets. But the Ball on the 
Billiard- Table, or the Bowl on the Green, 
*tis evident, loofe their Motion only by the . 
Refiftance of the Plane or Parts on which 
they move. If the Axis of a Wheel in Mo- 
tion were to move on other moveable Wheels 
the Mption would continue much longer ; 
becaufe Parts in Motion afford not the Refif- 
ftance to Bodies as when they are fixed ; 
again, if the Axles of thefe moveable Wheels 
were to move on the Peripheries of other 
moveable Wheels, the Refiftance or Fric- 
tion would be ftill farther diminiftied, and 
the Motion of the firft Wheel would be con- 
tinned much longer. And if the Frid:ioii . 
could be ^imimihtd ad irjjinitumy the Mo- 
tion would become per fetua I ; all which we 
Hluftrate by Experiments on a Machine of • 
FriSiion-'Wheels. 

20. ftence it evidently follows, that a/^r- 
fetual Motion is abfolutely impoflible'to be 
effected by any human Art or Contrivance ; 
becaafe no Machine can be conftrufted w^ith 
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a Motion of the Parts one upon another, and 
cpnfequently not without Fridion, which' 
will by Degrees deftroy all the Motion com-* 
municated to the fame by any Agent what* 
fqever. We alfo hence fee the Reafon why 
tl^e Pianefs and Comets continue to move with 
their original Velocities undiminifhed ; as 
they are Bodies vaftly large, moving very 
fwiftly, in free or unrcfifting Mediums. 

21. The fecond Law of Motion^ is, the 
Change of Motion is always proportional t9 
the generating Force imprefsd 5 and is always 
maae according to the right Line in which 
that Force is imprefs'd I that is, a double Force 
will produce a double ^antity of Motion y , 
a triple Force^ triple that ^antity^ and 
fo on. Thus if the Body A by an Im- 
petus from another Body B, were moving 
in the Di red ion A D ; and at the Inftant k. 

P was in A another Force were imprefs'd upon 

it by the Body C in the Diredion AF( 
then a Change would be made in the firft 
Motion of the Body A, both in iiegard 9f 
its Velocity and Direction. 

22. For fuppofing by the Stroke of B the 
Body A would defer i be the Space or Line 
A D in one Second of Time ; and that by 
the Stroke of C, it would defcribc the Line 
A F in the {.imt Time, then *tis plain by 
both Forces together, it muft proceed with 
a Velocity greater than either fingly, and in 
a Diredion which is compounded of both 
the others : For draw F E parallel to A D, 

and 
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apd D E parallel to A F, interfedinfi; each 0- 
ther in £» and join A £, and that Lin^e A E 
{ball be the Dired:ion which the Body A 
will poriue by this compound Motion ; and 
the Space A £ will be defcribed by it in the 
fymt Time as A D or A F by the iingle 
impulies of B> or C. 

• 553. For the Force Imprefs'd byC docs not 
at all alter its Velocity of* approaching to the 
X,\nc D £, and therefore at the End of the 
jiven Time it will be forqi'd in that Line 1 
ror the faine Reafon, by the Force of C, it 
will arrive to, and be form'd in the Line 
F £ s and therefore at the End of the given 
Time, it v^ill be found in the Point £, com^ 
mon to both) after it has defcribed the Line 
or Space A E. • 

24. Hence the moft ufeful Dodlrinef 
tbe QmfofitioH and Refolution of Forces is de« 
livedf For any two Forces may be repre-* 
fented oreftimated by two Sides of a P^^-al* 
tellogram A D £F analogous to them ^ and 
then the Diagonal will exprefs the Force 
compounded of both* Aifo, on the other 
Hand, any given Force A E may be re-- 
ii^ved into two others AD, A F^ a^ng in 
diiferent Diredtioq^ according; to which there 
may arife a great Variety of Cafes, which J 
baw elfenvhere explaimd. 

25. The third Law of Motion is, that Jk- 
tim and Re-^action between Bodies are equal 
4fidin contrary DireSlions. For fince the 

L 2 Impadt 



148 A plain and Familiar Infrodu^im^ 

Impadl or.ftfoke between the two Bodies »• 
V but one fimple individual Thing, it can cffeft 
both of them, but in one and the fame Man- 
ner and Degree, or they muft a(Sl upon or 
effedt each other mutually and equally there- 
by. If a Horfe draws a Stone by Means of 
a Rope, all the Force by which they aft 
upon each other, is expreffed in the Ten/idk 
of the Rope^ but that is the fame throughout, 
and therefore equal at each End^ upon the 
Horfe and upon thfi Stone. 

26. The Queftion is, then if the Uhrfe 
and Stone act equally on each other y' how it 
comes topafs that the Horfe can move the Stone t 
The Anfwer is eafy, viz. Becaufe tho' there 
be an Equality of Action ^ there may not be 
an Equalwf of Force between the Horfe and 
Stone J for when that is the Cafe there; can 
be no Motion in either. ^ Thus fuppofe the 
Mufcular Force of the Horfe were juft equal 
to 5^olb Weight 5 if a Stone of that Weight 
was faften'd to a Rope and hung over a Pulley 
to gravitate freely 5 the Horfe could not put 
it into Motion, but there would be an -Eyw- 
librium of Forces between themu But if the 
Stone weighed only 4oolb, then it could on- 
ly by (Reaction) dcttroy 400 out of the 5oolb 
in the Horfe, and the Difference of 100 lb 
in the fuperior Force of the Horfe would put 
the Stone into Motion. As, on the other 
Hand, if the Stone weigh'd 6oolb, it would 

draw 
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'draw the Horfe backwards with the fuperior 
-Force or Difference of 100 lb Weight. 

27. Thus when inanimate. Bodies a<a: up- 
on each other by Attradtion, or any other 
Force, they are equally affefted thereby; . 
•the Load ftone and Iron are equally adled up- 
on by the magnetic Power. Two magnetic 
Needles equally attraft, and produce equal 
Quantities of Motion in each other 3 the 
fame is tobe underftood of the Earth, and 
a Stone falling upon it 5 in all thefe Cafes, 
^what is wanting in Velocity is compenfated 
'in Quantity of Matter, fo that one multiplied 
into the other always make on each Side an 
equal Force (See Art. 12, 13.) 

28. On this Principle it is, that iv/Z?^i 
fwimy and Birds fly ^ and Men row a Boaty 
becaufe when the Medium is adled upon by 
the Fitly Wing or Oar^ in any one Diredtion, 
by an equal Reaction, it mdves the Fifb, the 
Bird, and the Boat in a Diredlion juft the 
contrary^ Tho I can't help thinking, that 
befides this mechanical Action or Power , there 
is fomething of an innate Energy in all thole 
Animals by which they move very fwiftly, 
with fcarce any fenfible Motion of the Fins 
or Wings. And this Je nefcai qiioi it is in 
Spiders, by which they fly in any Diredlion 
♦they pleafe, without any external 'vifibk 
Means at all. 

19. 1 have already obferved, that a Body 
falls towards the Earth by the Power of Gra- 

L 3 vity 



ISO A Platn elnd PafthUat InmiuSlhH 

viiji arid finct that Power a^ conftaBdjr 
upon it, its Velocity tnuA be dn^antly acH- 
krated \ and fincc near the Earih'^ Surface, 
the Aiftion of Gravity may be fuppofed unn 
forn), there will in equal Times^ be equal 
Increments of Velocity^ and therefore tkVe^ 
hcity offslHng Bodies wiii he always prcpor^ 
tionaito the Time of the FalL Hence it », 
than fince the Space dcfirended (htx>* increa^ 
fes both with the Velocity and Time of the 
Fall, it mud be proportiond to the Square ^ 
either. Therefore it being well known by 
Experiment, that a Body will defcend thro' 
1 6,2 Feet nearly in one Second, it wiH tntwo 
Seconds fall thro' 4 Times 16, 2 Fcct^ or 
64, 8 Feet % and in 3 Seconds, thro' 9 Times 
16.2 or 146 Feet nearly; and fo on, for 
any other Number of Seconds, 

30. Let B C E be an inclined Plane^ then 
if any Body be laid on the highefl Part B it 
Tig, 5. will defcend to the loweft Point C by the 
Power of Gravity ; and for the fame RcafoB^ 
if the Body were fufpended by a String from 
any Point A, and the Plane taken away^ k 
would then alfo defcend in the Arch of a 
Circle B C to the loweft Point C ; but it 
will not there reft, but the Velocity which 
it has there acquired in the Defcent, will 
carry it from C to D on the other Side, fo 
that the Arch C D is nearly equal to B C ; 
from thence it will again return to B, then 
back again to D, and fo on till all the Mo- 
tion 
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tion be gradually deftroyed by the Refiflanct 
of the Medium, and the Fri<%ion at the 
Point of Sufpenfion A, a Body vibrating 
forwards and Backwards in this Manner, is 
XTftll'd a Pendulum, 

3 1 • If the Pendulum A B be very long, 
and the Arch B D thro' which it vibrates, 
very fmatl, the Times of the Vibrations will 
be nearly equal ; and hence it came to be ap« 
plied to Clock-Wbrky for the Regulation of 
the Movements, which arc dcfign'd to divide 
the larger Portions of Time into fmaller 
equal Parts. And for this Purpofe it would 
be the beft Inftrument ever yet invented, . 
were it not for one Thing, viz. the Lefigth^ 
ening and Shortening of the Metalline Rod, 
with which they arc made, by Heat and 
Cold*^ for as the Pendulum, by Heat, be^ 
comes longer, it vibrates flower, and the 
Clock loofes Time 5 as on the contrai-y being 
flicrten'd by Cold, it vibrates quicker, and 
the Clock ^fit%ioo fafl '^ (o that a Clock can 
never make a true or equal Divifion of Time 
unlefs the Pendulum continues of the fame 
Length, and vibrates in equal Times. 

32. To (hew that Metals expand by Heat 
and coDtra<^ by Cold, an Inilrument call'd 
the Pyrometer has been invented, and^<?- ^• 
contrived in various Forms. Among others, 
I (hall give one of my owq, which 1 judge to 
be the mod fimple Stru<Sure of any extant. 
It is reprefented in Fig. 6. "where A B is tl>e 

L 4 Bails 
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Bafis ; at one End of which is a brafs Framfl 
C D, in whicli are contain'd two Wheels^ 
one large one E, and another fmall one F, 
on their Axles. At the other End is fix'd 
a large and ftrong upright Piece of Iron IK. 
The Bar of Metal for the Experiment is G 
H 3 one End of which is fix'd on the Iron 
Bar by Means of a Hole at K, and the other 
End H is laid oh the Axle of the Wheel E 5 
the Bar of. Metal is heated by the Candles 
priced underneath on the Pedeftal L. By 
this Means it will, encreafe in Length, and 
turn the Axle and its Wheel E, which is 
connedled by a String to the fmall Wheel F ; 
and which being moved, carries the Index P 
over a large graduated Circle M N O, by 
which the Quantity of Expanfion may in 
different Metals be eftimated as follows. 

33. Suppofe the Bar G H extend in 
Length only One Ten Thoufandlh Part of an 
Inch, this will move the Axle of the Wheel 
E juft fo much about 5 and fuppofe the Dia- 
meter of the Wheel ten times that of the 
Axle, the Surface of the Wheel E will be 
moved juft One Thoufandth Part of an Inch. 
As this Wheel is connefted with the fmall 
Wheel F, that Wheel F muft be moved juft 
fo much likewife : And now, . in the laft 
Place, let us fuppofe the Diameter of the 
Wheel F to be -^ P^r* of the large gradu- 
ated Circle M N O^ then fince the Index 
P moves on the Axle of the fmall Wheel, it 

will 
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%ill move over 20 Times jthe Space as the 
Surface of that Wheel does in the fame 
Time, that is, it will move over two of an 
Inch, or onejiftieji Tart of an Inch 5 which 
is vifible to the Eye. And fo this Ma- 
chine tho' fmdl, will fliew the Extention 
of Metals to the ten jhoufdndtb Part of 
an Inch. 

34. If the Bar GH be made red Hot, 
and laid on, it will be feen how much it will 
be contracted or fhorten'd when cold. If 
Bars of different Metals and of the fame Size 
were heated with the fame Candles, in the 
fame Time, it would eafily appear what Dif- 
ference there is in the expanfive Power of the 
feveral Metals. This Inftrument might alfo 
be ufed as a Thermometer^ to meafure the va- 
rious Degrees of Heat ; it might begin where 
Farenheighf% ends, and be eafily reduced to 
his Scale. 

35. But, laftly perhaps no Inftrument 
can be contrived fo much for the Purpofe of 
an Hygrometer as this^ for if the Bar GH 
be a long Sh'p of Wood,- (Deal or Elm^ for 
Inftance) cut acrofs the Grain, and glued . * 
together End -ways, and be laid on this Ma- 
chine as before, with a Piece of Metal on 
the under Side, and a fmall Weight above 
'where it lies on the Axle ; then the Moijiure 
of the Air will make it expand, and Drynefs 
will contraft its Length, both which will be 
fufficiently (hewn by the Index P on the ^ 
large Circle M N O. 36. 
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36. There have been different Metliods 
contrived to remedy this natural Defe^-of 
PcndulQms^ two of which J (hall here men^ 
tion. The firft is of the Invention of Mr. 
'v- 7* Graham^ and depends on this Coniiderationi 
thcit any Rod AB fufpended and put 
into Motion is as much a Pendulum as a 
common One confifting of a Wire and Bob 
CD. And if the Rod or Bar AB be of a 
uniform Figure throughout^ it will vibrate 
in the fame Time with a Bob-Pendulum 
C D, which is juil two Thirds of its L^gtb. 
The Center E, therefore, b the I^od, which 
is oppofite to the Center of the Ball D, is 
caird the Center of Ofcillation. If therefore 
A B be a Brafs Tube fill'd with Quickfilver, 
the Tube itfdf, by Heat, will lengthen 
downwards, but the Column of Mercury iQ 
it will be expanded upwards; and fo^ 
fince A £ is double £ B, the Mercury will 
rife upwards more than the Tube lengthens 
downward^ 'tis plain the Center of OiciUa*- 
tion £ may by this Means be kept nearly at 
the fame Diflance from the Point of Suf* 
penfion ; and fo the Time of Vibration will 
be more equable, or nearly the fame in dif- 
ferent Degrees of Heat and Cold. 

yj. The Pcrint Eis alfo the Center oj 
Percuffion^ or it is that Point in which the 
Forces of all the Particles of the Rod are 
united in ilriking ; fi that Stroke made from 

tbf 



the PMnt E u greater than any other that 
can ie tnadejr$m any^tber Ppint in the Rod. 

3 8. The other is a French In vention^ and 
ct>n(ift$ of a Kmd of cooipound Pendulum 
f^ fbllowe, A B is a Rod of Iron, in which ^*g^ 9« 
on the upper Part is a fix'd Piece A C; in 
..this is faftra'd a Piece of Copper C D which 
on its lower End bears on the End of a Le- 
ver D E^ moveabk on the Center B In^Che 
End of the Iron Rod ; from the End of the 
Lever E^ there hangs the Ball of the Pendu- 
lum f. Now fince Copper will extend with 
Heat« confiderably more than Iron, the 
Point D of the Rod C D will puih down 
the Bad of the Lever D, and by thait Means 
raiie the Weight F upwards; and confe- 
quendy if every Part could be truely adjufled, 
the Center of OiciUation of this Pendulum 
might always be in the i^me Place,, and fo 
the Cl^ck keep Time* But the moft curious 
and artful Contrivance of this Nature is to be 
fees in tl|at Sort of Clock-work, of which 
Mr. Barrifon k the Inventor^ which cannot 
be here de£brib'd. 

39. It is well known by Experiment, that 
a Pendulum which vibrates Seconds is 39^ 
Inches long ; alfo that the Lengths of Pendu-^ 
lums are as the Sfuares of the Times ofVibra-- 
tion ; therefore a Pendulum that vH>rates in 
half a Second tnuft be ^ Part of 39 j- or ^ 
9^ Inches long. And by fuch a Peodulum 
we can eafily meafure the Difianceofa chud 

when 
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when It Thunders and Lightens, For holding 
fuch a Pendulum in the Hand, as foon as 
you fee the Lightening^ let it go, and tell 
the Vibrations it makes till you hear the 
thunder y you hive ^ then the Number of 
Half-feconds, for every one of which you 
muft allow 571 Feet, and then will theDif- 
tance of the Cloud be known in Feet pre- 
cifely. For by many Experiments it has 
been found, that Sound goes thro' 1 142 Feet 
'uniformly in every Second of Time. In the 
fame Manner the Diftance of a Ship on the 
Sea may be meafured by the Fir€ and Report 
of a Gun, 

40. The Pendulum has been of Ufe 
alfo in helping to difcover the true Figure of 
the Earth j for a Pendulum that vibrates Se- 
conds here, will yibrate more than 60 Times 
in an Hour, under the polar Circle, and lefs 
than 60 under the Equator ; and as this Dif- 
ference is greater than what could a'rife 
from Heat and Cold, it was rightly conclu- 
ded to be owing to a different Power of Gra- 
vity on the Pendulum in thofe places, occafi- 
pn'd by the different Diflances from the 
Center of the Earth. This ^ve Occafion 
for an a<Sual Menfuration of a Degree under 
the Equator and Polar Circle, by which it 
appeared ?/&^/ the Diameter of the Equator 
exceeded the Axis of the Earth by So or 90 

.' Miles I and that therefore the Earth is not a 

Sphere y but an oblate Spheroid. 

41. In 
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41 • In a mecbanicd Confideration of Bc^ 
dies, there are three Sorts of Centers that 
oj9fer thennifelves to our- View, viz. the 0«- 
fer of Magnitude^ Motion y and Gravity. 
The Center of Magnitude A% that Point, ia 
any Body which is equally diftant from all 
the external Parts of that Body. The Gtz- 
ter of Motion is that Point, in the Surface, or 
that Line in a folid .Body that remains at Reft,; 
while ail the other Parts of the Body move 
about it. And the Center of Gravity is that 
Point i which being fupportcd,: the .whole: 
Body is fupported, or kept* from falling... 
The Manner of finding this Point, in any 
Body, is beft ihewn by Experiment. \ -■ \ 

42. If two or more Bodies are conhefted 
together, or any how depend on each other, 
as by Attradioti,.Gfr. . there is always 2ic6m^' 
mon Center of Gravity between them. /Thus 
for Inftanqe, let E and M be thelEarth and 
Moon, and C their common Center of Gra^ '^' ^ 
vity \ the Diftance thereof EC from the 
Earth, is to the Diftance C M from the 
Moon as the Quantity of Matter in the Moon 
is to that in- the Earth, which is nearly as • 
I to 40, and therefore, alio wing the Diftance 
of the Moon from the Earth to be 240,000 
Miles, the Diftance E Cwill be a little more 
than 1800 Miles. . And it is this Center C, 
that both the Earth and the Moon continu- 
ally revolve about. And alfo it is the fame 
Center C (and not the Center of the Earth) . 

that 
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thatdefcribcs the annual Qriiit about die Son« - 
There is alfo alike commou Center of Gra* 
vity between the Sun and aU the PlanetSy and 
about which the Sun, as well as all the Pla^ 
nets revolves/ So that truly fpeaking» there 
is no Body in the whole Syftem at Rei^ or 
the Center of Motbn to others* 

43. Any Machine or Inftrument ifi call'd 
a mmfanical Power ^ by which we are ena<- 
Ued to raife or move fucb heavy Bodies as 
exceed our natural Force or Strength ; and 
this may be done two Ways, vix. by en-^ 
creajing the Pewer which a&s agaif^ the 
heavy B$dy% ovy Secondly, by Smim/bing 
the freight of the Body, the Power is in-» 
creafed by increafing the Velocity oj Motion 
(Art. 13.) And there are three Sorts of M*^ 
chines which do thif , viz. the Lever^ the 
Pulley^ and the fFbeel, and Axle. Aod th« 
Weight of Bodies is dimini£h'd» or their 
Aftion againft the Power leiTen'd^ by iaykg 
them on an inclined Piane^ to which we re* 
&r the fTedge and the Screw. 

44. The LevIsr is an inflexible Line or 
Rod A B moveable about a Point C, 00 
which it is fupported, and is call'd the Fidr 
crum ; at different Diftances from this Point 
at each End, are applied the Weight W/ 
and the Power P, which . are in Equilibrio 
with each other. Now whenever the Lever 
is put into Motion, 'tis evident, the Velo«' 
city of the Power will be to that of \k% 

Weight 
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Weight as the Diftance C B to the Diftan-- 
cm AC; and therefwo the Qaantity of 
Matter ia P will be lefs than that in W in 
the fame Proportion. And therefore fa 
much are the natural Powers ofBodiei encrea^ 
fed by this Machine. 

45. The Pulley, being only t Wheel, 
19 fingly no medmdcd Power^ bdcaufe Bodies 
fafpendcd upon it have equal Velocities of 
Motion ; but a Combination of two or more 
PuUies conftitute a mechanical Macine. For 
'tis evident the Velocity of the Power P is 
greater dtan that of the Weight W , in pro* 
portion as the Number of Ro^s belonging to ?ig. 4. 
the lower Set or Box of PuUies exceeds TJni^ 
ty. Thus in the Figure the Weight W 
bangs by five Ropes, and the Power P by 
one, therefore, when the Weight is raifed 
one Inch, the power will deicend through 
five y and its Force is therefore encreas'd 
five Times* 

^6. I (hall juft here remark, that a jufl 
Ballance is in the Nature of zjmgle Pulley i 
and ^.falfe Ballance of the Lever: And 3rct 
the Steel-yard^ which is a Lever alfo, is zjufi 
Ballance when truly made, and one of the 
bed Inilruments of this Kind. The Na^ 
ture of the Ballance, efpecially the falfe one 
will be fully ilUiftrated by Experiments. 

47* The Wheel and Axlb, is a very p,^.ia^ 
ufeful Mechanical Power ^^^ becaufe the 
P4»wtr P hanging from the Circumference 

CD 
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C D of the -JBVhccl, will have a Velocity 
greater than Ikat of the Weight W on the 
Axle in Proportion as the Diameter of the 
Wheel is greater than that of tbe^Axle^ that 
is, of i2# to I, in the Figure? Of this 
Kind are, all ^/w^^j, Windlajfes^ CapJianeSy 
' Crane-Wkeelsj &c. 

48. The INCLINED Plane, is a mecha- 
nical Power J hy diminiftiing the Weight 
of Bodies laid thereon • For, let the Plane 
be A B, and P E F a Body lying upon it, 
this Body will gravitate in the Diredtion of 

F/?- 13> the Line N H,. perpendicular to, the Hori- 
zon B C, and cutting the Plane in G, Sup- 
jpofe therefore, the Line N G reprefent the 
whole Gravity of the Body, draw NF. per- 
pendicular Co the Plane; then will the 
whole ^Gravity , N G be, fefolved into two- 
Parts N F and EG (^by Art. 24.) but fincc» ' 
the Part NF is perpendicnlar to the Plane, 
it will be all deftroyed by the equal Re-a^im . 
thereof (Art. 25.) and fince the other Part 
F G is . parallel to the Plane, . it will tend to, 
move the Body down upon it, 

49. l^ov/ this refidual Gravity^ (which is 
all we have to overcome in moving Bodic$ 
up the Plane) is to the, whole Gravity y of the 
Body, as GF to GN, or as GH to.GB, 
that is, as A C to A B, viz, ,as the Height of 
the Plane to its Length i and therefore, the 
more the Plane is inclined to the Horizon, 
the lefs will be the Weight of Bodies lying 

on 



ft /i&(f Newtonian Phtlosophy* i6j 

bn them, which wc ad againft • and con- 
fcquently the greater will be the Advantage 
of this Machine. 

50. The Wedge, ABC, muft certain- 
ly be a mechanical Power y as it confifts of 
two inclined Planes^ join'd by their Bafis. 
But tho' the Plane is doubled in the Wedge 
yet the Force of the Wedge is not double^ 
but only equal to that rfapi^le Plane, A C, ^'^' '4^ 
or B C 5 for each Plane afts againft equal 
Forces ^y the fixed Bafe, D C, common to 
them both. And therefore ^ the Force of 
the Wedge is fill exprefs'd by the Proportion 
of A. G to AD, viz. the Length of the Side 
to half the l^hicknefs. Of this Kind is the* 
KnifCy the Axe^ the Chifelj &c. 

51. The Screw A B, is generally reckon- 
ed ^fifiple mechanical Power ^ but very mif- 
takenly, fince we never work it without the 
LeVer F G, or fomething analogous to it 
This Machine when rightly confider'd, iis 
nothing but an inclined Plane y coiled round a^^^* '5*' 
Cylinder \ and as an heavy Body, is raifed 
only through the perpendicular Diftance of 
two Threads while it has pafs*d once round 
the Cylinder, therefore, the Power is to 
the Weight (in this Machine alone) as the 
Difance of the Threads^ to the Circumference 
of the Cylinder I that is, as the Height to the 
Length of the Plane^ as before. 

^z. But, aslfaid, fince to this Machine 
we generally add the Lever^ they become 

M together 
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together a Machine of very /great Force, and 
pot only ferves in many Cafes for moving 
or railing Weights, but its Make adapts it to 
anfwer all the ufefal Purpofcs of Compref- 
Jion \ and for holding and binding Bodies 
together. And perhaps, there is not a Ma- 
chine fo univerfally neceijary in every Bufi- 
ncfs of Life as the Screw. 

53. The Cowiputations of Force in the 
foregoing Machines, is upon Suppofition, 
that there 1% no Fridiion between the moving 
Parts ; but as no Machine can be contrived 
without it, and when fcveral are combined 
together into one compound Machine^ it is 
found, that a very confiderable Allowance 
muft be made for it; viz^^ near a third 
Fart of a whole acquired Force j muft; be 
allowed to overcome the Fridion of the fc^ 
veral Parts. This being done, the Force of 
apy compound Machine is known^ by mul- 
tiply i7ig together the fever al Forces of all th 
fimple Powers oj which it CQnJiJis. 

54. If a Chain be fufpended at each End, 
ufon the Points A C, it will by its Weight, 
fettle itftlf into a Curve ABC, caird the 
Qafenaria ; and, iince all the Parts of this 
Curve are in Equilibrio by ,^heir mutual Gra- 

F/f. 16. vity, it is evident, that it is preferable to 
any other for the Form q/ an Arch to build 
upon. For, if this Curye JDe inverted, or, 
turned with k^ convex Part upwards, it 
will fupport itfejf. And it is deiponftrated, 

tiiat 
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that when the Height of the Arch D B, and 
its Thiclcncfs at Top BE, are given, then^^^- ^7- 
thefe will be an Equilibrium in all Parts, 
When the Half-lengih of the Chain A B, is a 
Mean proportional between the Height D B, 
and the &um $/ the Height^ and twice the 
"thicknefs B £• That is, when D B : AB : : 
AB: DBx2BE. 

- 55. In the la ft Place, with Refpedl to 
Wheel Carriag5s, we may eafily under- p, 
ftand, that a large Wheel G H I, will go ''^* ' ' 
over any Obftacle with more Eafe than a 
fcffer one BCD. For, fuppbfe B E, ari 
Obftacle placed before the lov^ Wheel, and 
equal in Height to the Radius, or Semidia- 
meter O D, then, if the WHeel be drawn 
in the DireiSion A B, parallel td the Hori-f 
2on E I, 'tis plain the Point of the Wheel 
at B, will be drawn diredly againft the. Top 
of the C^ftacle, and alfo its Center O 5 and 
fo the whole Motion of the Wheel will be 
deftroyed by the equal Re-a6lion of thef 
Obftacle BE, fuppofed to be fix'd. But the 
fame Obftacle being placed before the larger 
Wheel at E G, the Point G in the Wheel, 
is below the Center Q, and confequently, 
when the Whee^ is drawn horkontally, the 
Point G preffes the Obftacle obliquely, and 
To only a Part of the FoVce is deftroyed by 
Re-aftion; the other remaining Part will 
tend to raife the Wheel over the Obftacle. 
Since then, a high Wheel will go over an 

. Obftacle, 
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Obftacle, when a low Wheel will not ; it 
follows, they are moji advantageous for Car-^ 
riage. And this we fufficiently (hew by 
Experin^ents, in loading JVaggons before and 
bihind^ &c. 
fig, 19. 56. Another Contrivance for facilitating 
the Dratt of loaded Carriages, is, by placing 
a Box E F, containing two moveable Wheels^ 
A B, CD, over the Ends of both Axlc- 
Trees, in fuch Manner, that the End G, 
of the Axle may lie in the Interfedion of 
the two Wheels ; and therefore, when the 
Waggon is loaded, it will bear wholly by 
thefe Fridlion Wheels, on the Axles ; and 
when drawn along, the Fridlion Wheels 
will move with the Axles, by which Means 
the Friftion, or Refiftance in the common 
Way, is abated nearly in the Proportion of 
the Diameter of the Friaion Wheel to that 
of the Axle. All which will appear very 
plainly, by Experiments made on a Car- 
riage of this Sojt. 



FINIS, 



I N D E X. 

A Comets, loc: 

A Ccenfion of Mixtures, ii. Consiicw Bodies, i6. 

Adtion and RpaOion c- Cpntaft 5. 

qual, 147. Convex Mirrours, 32. 

. Air, how produced, 13. 14. ' •"""" Lenfes, 33, 

its Properties, 55. Copernican SyHem, 85, 86. 

artificial, 56. Cornea, 39. 

•weighed in a Balance, 7 7, 7 8. Cry'ftalline Humour, 40. 

— in all Bodies, 74, y^. Cupping explained, yy. 
-— ncceffary for Fire, 6fr. 78 J^ 

Air-GuninGIafs,,57, 58. T^ Amps, 79. 

Air-Pump, a new one, 70, 72. i-/ ^^y> ^ow caufed, 98. 

Air-Veffels in Plants, 17. Declination of the Needle^ 25, 

Angle of Incidence, 27. Denfity of Air determined, 50. 

of Refleaion, ibid. DiftiUation, 14. 



of Refradion, 28. Double Microfcope, 45. 

Antiguggler, 129. E 

^Aquediias, 125. TT Arth, a Planet, 92. 

\Aqucous Humour ofthe Eye, 39 X^ Ebullition, 11. 

Arachnoides, 40. Eclipfes of the Sun, 



B 
C 



95- 

Arch, of greateft ftrength. 162, of the Moon, 95, ^6^ 

• Artificial Bye, 43 . Effluvium, 15. 

*Atmofphere, its Height, 60. Elaftic Bodies, 13. 

Attradion, 2. Elafti'city, what, 15. 

jg * -. of the Air, 66. . 

Allance, juft and falfe; 1 59 J^il^'l''; .n^i, a • v 

BaroWter explained, 66; ^"^^^^'^^^'^ ^^ the Air-Pump, 

C Eye, its Figure, 39. 

Apillary Tubes, 8, 9. •———its Strudlure, 39, 41, 
_ ■■ Siphon, 10. F 

Carriages on Fridion Wheels, 'W^ Arenheit\ Scale, 63. 

164, j} Figure of the Earth, loj, 
Catenaria, its Ufe, 162. 156. 

Cement, 6. Figure of fluid Particles, no. 

Centrifugal Force, 2. Filtre, 10. 

Center of Ofcillation, t54. Fixity, 16. 

of Percuifion, »ibid> Fluidity, 16, 17.- 

Chymittry, 10, 13. Fluids, their Properties, 109. 

Coheiion, 4. Flying, accounted for, 149. 

Clouds, how formed, 1 5. Focus of Rays, 29, 304. 

— ■' ■ — ~ their Diflance, 156. Foliating Glafs, 13. . 

Colours of Bodies, 37, 38. Freezmg Point, 63. 

Compofition and Rcfolution of Fridion^ 162. 

Borces, 147. Fridion Wheels, 145, a 64. 

Glafly 



G 



INDEX 

G Mercury f a Planet, gz; 

Laffy Humour, 41. Meteors, how caafed, 14; 

Gravity of the Air, 65,66. Mi^crofcopes explain^, 43,47. 

of Bodies in general> MiU'withoat Wheels, 133. 



138. Mirrours Convex, 29, 32. 
H ■' Concave, ibid. 

H Ail, how produced, 14. Moifture and Dryncfi of theAif. 
Hardnefs, how caufed, 6. 64. 

Height of the Atmofpherc, 60. Momhtam of Bodies, 142. 

Hydrd'mcter, 123, 124* Moon, 93, 94. 

Hydroftatics, 109. J — her Motions and Phafes, 94. 

Hydroflatic Paradox, n z. Motioir of the Earth, 97. 
■ ■■ Balance, 1 1 7. ■ ■ of Bodies in general, 

" Experiments, 119. 139^ 

Hygrometer, a new one, 64. •—-how apprehended, 139. 
■' — Another Sort, 153. 140. 

J My'ops,..42. 

JET D'Eau show m2Ldc,i 26. N 

Images of Objedls, 30. ^T Eedle, magnetical, 25. 

■ Poittion thereof, 31. X.^ Nim;//bam'*& Engine ex- 
Inclined plane, 1 6o. plained, 1 34* 

Injedling Syringe, 135/ Night, how caufed, 9 S. 

Jufitery the Planet, 92, 93. —its various Length,, on, 

K O 

LAwsofRefraflion, 29. /^Pake Bodies, 28. 

of Motion, 144. V-/ Optics, 26, 

Leaves anatomized, 2 1 . Optic Nerve, 39. 

Lenfes their EfFeds, 32, 35. Orrery, its Ufe, loi. 
Lever, its Nature explained, 158 * P 

Light defined, 26. T) Endulum, its Nature, 151, 

-—»— its Velocity, 27., X -——^ various Ufes, 151, 
Lightening, its Caufe, 14. 152. 

Loading Carriages in the heft " ■ of a new layeDtxoB, 

Manner, 193. 1^4, 155. 

Looking Glafs to make, 13. Penumbra, 9^. 

M Perpetual Motion impoffiUe, 

MAgnet, its Virtue, 22, 23. '45; 

— >- various Ufes, 23, Planetarium, 102. 

24. Planets, 91, 93. 

Magnifying Power of Mirrours, Pores in Wood not lateral, 76. 

31, 32. Power of Cohefion, 4. 

of Lenfes, 34. ^of Gravity, ibid. 



Mars^ the Planet, 92. Preceffionofthe Equinoxes, 102^ 

Mechanics, 137. 104. 

Mechanical Powers, 158, Prefbitae, 42. 

Mpnftruums, 10, Prifm, its EfFefts. 35. t 

" Ptolemaic 



INDEX. 



Ptolomaic Syftcm exploded, 84, 

85. 
Pulley, its Nature explained, 
- 159. 
Fttmp, common one,! 1 29. 

■ ■ portable oi;ie, 132. 

Mercurial, ibid. 

Pupil, 40. 

Pyro'meter, anew one, 151. 
R 

RAinbow, artificial, 1 3 j. 
Rain, Kowcaufed, 14. 
Rays of Light, 26, 27. 
Refle6Uon of Light, 27. 
Refraction, 28. 
Repulfion, 2, 3. • 
Refpiration explained, 79, 
R^fervoiri, 125. • 
Reft, 1 38. 
Re'tina, its Ufe, 39. 

S 

SAP, how rai{ed, 18, 19. 
—its Circulation, proved, 20. 
Saturn y the Planet, 93, 
Shower of Mercury, y6. 
Sa'tellites of Jtrpiter^ 96. 

■ of Saturn, ibid. 
Screw, its Nature explained, 
161. 

Seafons of the Year, loi. 
Silvering, 12. 
Siphon, 127. 
■' '■ - Capillary, lo. 

Snow, howcaufed, 14. 
Solar Microfcope, 47, 48. 
— ~- Telefcope, 53. 
Solder, 67. 

Sound, conveyed by Air, 78. 
Solution of Bodies, 10, 11. 
Speci'fic Gravity, 117, 118. 
Speftacles, their Ufe, 42, 43. 
Sphere of Attraftion, 3. 
Spring of the Air, 73. 
Spring Seafon, 102. 
Standard of Heat and Cold ,62. 
Sudlion, 72, 



Sublimate, 16. 
Sttblioiation, 14. 
Summer, howcaufed, 101. 
Sub, th« Center of the Syfiem, 

91 
Swimming and Sinking, 115, 

121. 
S/flem of the World, 82. 

« ■ Ptolemaic, 83, 84. 
— — •Copernican, 86, 89. 

T 

Tj^Wfl/«/'s Cup, 128. 
Telcfcope, refracting, 48, 

■ Aftronomical, 49. 

■ Refledling, 5 1 . 
Tbenno'meter, of Air and Wa- 
ter, 60. 

— of Oil, Mercury, fcf r . 6 1 . 
' ■ ■ of Fartnheit'i, 6 3 . 
Thunder, howcaufed, 14. 
Tides, their Caufe, 119. 
Tranfparent Bodies, 28. 
Trees, how they grow, 22. 
Trituration, 5. 

V 

VAlyes in Pumps, ! 29. 
Vapours, how caufcd, 12. 
Vegetation, its Theory, 17, 22. 
Vegetable Siphon, 18. 
Vifion its Caufe, 26, 39, 
Venus, the Planet, 92. 
Vel'^city, 142. 
Volubility, 17. 
*Uvea, 40. 

W 

WAter Engine, 134. 
Wedge explained, 161. 
Weight of Bodies, 4. 
-- — of the Air, 67. 68, 7;. 
«-~ its £iFe£U on human Bo- 

dies, 68, 69. 
Wheel and Axle, its Nature, 159 
Wheel Carriages, 163. 
Winter how caufed, i o i . 
Wood injeftcd wirfi Mercury, 

76, 17' 
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